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THE POSITION OCCUPIED BY THE PRODUCTION 
OF HEAT, IN THE CHAIN OF PROCESSES Ce@N.- 
STITUTING A MUSCULAR CONTRACTION. BT 
A. V. HILL, BA, Fellow of sad College, 8 


(From the Phypiologioal Laboratory, 
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8 
S 


THE processes which occur in the response of a muscle to an electric 
excitation can be classed under three headings: (a) those occurring 
before, (b) those occurring during, (c) those occurring after, the actual 
muscle twitch. It is possible, a priori, that the heat production should 
take place either, 

(a) before, and in preparation for the mechanical response, or 

(6) during, and in intimate connexion with it, or 

(c) after, and in recovery from the effects of the twitch, apt in 
preparation for the next. 

For example, it is easy to suppose that (a) the heat is given out in 
some process whereby the tension of the muscle is suddenly increased, 
and that a twitch follows, consequent on this increase of tension. It 
may be, however, that (b) the heat is evolved in the actual process of 
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4 v. HILL. 


doing scat against a load. Finally it has often been suggested that 
the main body of the heat is (c) produced in a stage of “recovery ” 

from the effects of an excitation: possibly the heat is liberated by the 
oxidation of products of activity, possibly by some chemical rebuilding 
of the unstable contractile molecules. The energy-changes, shown by 
the rise of temperature in an excited muscle, may occur in one, two, or 
even all of these stages. In any theory of contraction it is obviously 
necessary to know when the heat is evolved. The first Part of this 


paper deals with observations on the actual time at which the heat is 


set free, both in single twitches and prolonged contractions. 

Much work has been done in connexion with the mechanical 
efficiency of a muscular contraction. In spite of the many observations, 
scarcely any clues have been gained as to the nature and position of 


the energy changes in the chain of processes constituting the inter- 


mediate mechanism of the muscle. It was my hope, when I started this 


investigation, that an exact consideration of the changes of mechani- 


cal efficiency under various conditions, together with an application 


of thermodynamical reasoning, might lead to some such clues. The 
second Part of this paper gives the experimental evidence which led to 


a somewhat unexpected development of this subject. It is important 


to compare with the heat liberated (H) not the work done (W) but 


the maximum tension set up (I). The mechanical efficiency,” W/H, 
varies with stimulus and load, but the ratio 7/H remains constant. 
Various ee connected with this ratio, T'/ E, have been investi- 
gated. | 
Ordinary muscular isles are not twitches, but prolonged con- 


tractions of varying lengths. Both for this reason, and because of the : 


bearing such observations have upon theories of muscular contraction, 
it is of interest to investigate the heat set free during complete 
tetanus. The degradation of energy necessary in order to keep up 
the tension for a given time varies according to the length of time 


during which the muscle has been contracted already, according to the 


state of fatigue, according to the temperature and several other factors. 


Experiments in this connexion are . in the third Part of the 


In Part IV is given the 1 evidence dealing with the 


changes of mechanical efficiency under variation of stimulus and load: 
there is also given a short mathematical proof that these changes can 


be deduced from the constancy of 7/H, and the laws of mechanics. 
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HEAT PRODUCTION IN 


Pas L 5 TIME RELATIONS OF THE HEAT SET FREE 
DURING MUSCULAR ACTIVITY. » 


10 a  peevions paper I have described the apparatus 
used in determining the amount of heat set free in a muscular con- 
traction. In the experiments given in this Part the instrument was 
used in two different forms: 

(A) As described in my previous paper, with the exception that 
the upper stimulating electrode lay above the thermo-electric junction. 

(B) With the further modification that five thermo-electric 
junctions were introduced in series, as shown in Fig. 1. 


c 
14 
= 11 
— 
8 


N 


Fig. 1. AAA, 444. Copper terminals leading to coil. BB, BP’. Upper and lower 
electrodes. CCCC. Copper plates on front side of celluloid. COO. Copper 
plates on back side of celluloid. DDDDD. Constantan plugs, forming thermo- 

_ electric junctions with copper plates. F. Clamp for holding muscle in position. 


1 A. v. Hill, This Journal, xx. p. 890. 1910, 
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4 4. V. HILL. 
In both cases a pair of musoles is ueed, either the two semt-membranost 


or the two sartortt connected together by a piece of bone at their upper 


ends. The muscles rest astride of the celluloid plate, one being in 
contact with one set of junctions, the other with the opposite set. In 
either form of the instrument one of the pair is stimulated, the other 
is left unstimulated: thus the junction (or junctions) on one side of 
the celluloid plate is warmed, while the other is kept cool. Consequently 
a current goes round the copper coil connected to the copper terminals 
AA’: and the Broca magnet system is twisted about a vertical axis. 
A spot of light is reflected from the mirror of the magnet system on to 
a scale, and when the muscle is stimulated this spot of light makes an 
excursion. The instrument used in its later form (B) has two ad- 
vantages:.— 

(i) it is much more 3 there is five times the E. M. . of the 
previous form for the same rise of temperature, and only a slight i increase 
of resistance’ ; 

(ii) the junctions lie all along the muscle, and thus we obtain in 


a rough way the mean rise of temperature of the whole muscle: in the 


form (A) the rise of temperature is recorded at only one point. 

The earlier form (A) has however one great advantage: the junction 
is so near the top of the muscle that no appreciable movement occurs 
over it when the muscle contracts. Thus differences of temperature 
along the muscle itself cause no error. In all the experiments in which 
the later form (B) of the instrument was employed, the muscle was 
kept stretched at a constant length and not allowed to contract: this 
error has not therefore been able to arise. The copper-cénstantan 
junctions are coated with celluloid or shellac varnish. In the more 


sensitive form, (B), of the instrument it is possible to use sartoris: 


muscles: this is a great advantage, as the sartorius is a much longer 
and more uniform muscle than the semi-membranosus. With the earlier 


form, (A), it was impossible to use the sartorius: its heat capacity was so 


small that there was not enough heat to warm the junction sufficiently 
to obtain a reasonably large movement of the spot of light. 
The object of moving the upper stimulating electrode above the 


top thermo-electric junction is as follows. The movements of the spot < 


of light depend upon two factors :— 

(i) the amount of heat produced ; 

(ii) the time relations of the heat production. 

1 ‘The resistance of each junetion is about -002 ohm: the resistance of the copper coil 
is about 005 ohm. e 
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HEAT PRODUCTION .IN MUSCLE. 5 


We desire to find the actual time at which the heat is set free in 
muscular activity. We must therefore compare the movements of the 
spot of light, set up by the rise of temperature resulting from 
excitation of a normal muscle, with the movements caused by raising 
the temperature uniformly during a known period. If, for example, 
we wish to prove that in a muscle the heat is evolved uniformly for 
1 sec., we must compare the movements of the spot of light when the 
muscle is excited with the movements caused by raising the temperature 
at a uniform rate for 1 sec., in a body of the same size and shape as 
the muscle, lying upon the junctions in the same way. This latter 
process was carried out as follows. The muscle, which had been used 
for the experiment, was killed while still in the instrument by over- 
excitation, fatigue, or lapse of time. It was then warmed either 

(i) instantaneously, by passing an excessively strong e 
shock through it; or 
: (ii) uniformly, for a known extn, by “tetanising” it with 

excessively strong currents during that period. | 
| The heat is produced in the dead muscle by the merely physical 
effects of the strong currents employed. For this purpose it is 
necessury to warm the muscle uniformly all over: hence, 

(a) we must use a muscle of uniform cross-section: otherwise the 
rise of temperature will increase along the muscle as the cross-section 
decreases. I have therefore always used a sartorius when possible. 

(b) the warming currents must pass uniformly down the whole of 
the muscle, at any rate through those parts which are close to the 
junctions. Hence it is necessary that the electrodes, which are used 
for warming as well as stimulating, should be beyond the upper and 
lower junctions respectively, 5 

In this Part of the paper we are 5 with the time relations 
of the heat production, not with its actual or relative magnitude, We 
must observe therefore the time relations of the movements of the spot 
of light. The quantity observed, and used as a criterion, is the time 
after excitation at which the spot of light reaches its maximum dis- 
placement, This time can be taken, with considerable accuracy, by 
an observer standing behind the scale with a stop-watch. The great 
advantage of this time as a criterion is that it is an easily observed 
quantity which is independent of the amount of heat set free: whatever 
be the displacement of the spot of light caused by a heat production, 


- instantaneous or of given duration but of variable magnitude, the “ time 


to maximum displacement” is the same. In this respect the movements 
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6 4. V. HILL. 


oscillation of a pendulum of given length is independent of the actual 
magnitude of the oscillation. In form (A) of the instrument it is 

possible to use another time as a criterion: the spot of light returns to 
any given fraction of its maximum displacement in a time whieh is 


momentum of the magnet system swinging it back too far. In form (B) 


of the “time to return to z. To prove the constancy of these times it is 
only necessary to refer to the — tid Table. 


TABLE 


Displacement of spot of light, in mm. 186 1298 4118 94 71 46 25 11 
Time to maximum displacement, in secs. 6·˙7 69 69 69 69 69 68 69 
Instrument B. Dead muscle warmed by tetanising for 1 sec. ; 
Displacement of spot of light $92 2998 288 252 163 
Time to max. displacement 76. 7˙7 
Instrument B. Dead muscle tetanised for -08 sec. 
Displacement of spotoflight 99 79 64 52 88 24 
Time to max. displacement 
Instrument A. Dead muscle warmed by single induction shocks. : 
Displacement of spotoflight 146 117 87 7 50 29 
Time to return to 3 28°6 295 29˙2 292 296 29:3 


N.B,—(i) a shoul be noted that theses constant times are not in any way the periods 
of any free vibrations of the magnet system. 
(ii) In order to obtain results comparable from time to time the spot of light should 
be brought on to the scale by twisting the quartz fibre, and not by the use of a powerful 
control magnet. 


maximum displacement is also prolonged. Let us suppose that for an 
instantaneous rise of temperature the “time to max. displacement is 
7-2 sec. using a muscle of given shape: this time can be observed, if 


a uniform rate for 2 sec. we should expect that the “time to max. dis- 
Placement” would be about 8:2 sec. This can be shown experimentally, 
as is done in Table II. Thus if we observe in any live muscle that the 


of the spot of light are analogous to those of a pendulum: the period of 


independent of the total heat set free. The fraction which I have 
usually taken is 4: by doing so one evades the errors caused by the 


of the instrument the heat is lost so rapidly by conduction across the 
copper or constantan that momentum effects entirely mask the constancy ~ 


We now come to the main point of the soothed: If the heat produe- 
tion is prolonged the time taken by the spot of light to reach its 


necessary, when the muscle is dead. Then if the heat were liberated at 
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HEAT PRODUCTION IN MUSCLE. 7 


maximum displacement is reached t seconds later than it is for an 
instantaneous rise of temperature, we may conclude that _ heat was 
~ out for 2¢ seconds. See Table II. 


TABLE II. 


means of a tetanising current, For this purpose Mr Keith Lucas kindly lent me an 
apparatus, which has, on a uniformly rotating drum, two adjustable arms which can be 
made to open two knock-down keys at any required interval apart. One of thesé keys 
short-circuits the currents of the secondary coil: the other is placed in the primary circuit. 
The keys are closed in order, and the coil starts working. On opening the first key the 
induced currents are no longer short-circuited, but pass through the muscle: on opening 
the second key the primary circuit is broken. During the adjustable interval between the 
opening of the two keys the tetanising currents are passing through the muscle. In all 
cases the muscles were dead, and the apparatus was used in the form (B). Times are 
given in seconds, The ‘‘calculated times to max.” were calculated as follows. The mean 
„time to max.” for the shortest duration t, is taken as standard. Let us call it T. Then 


soconde. 


shorter durations. ; 


~ 


Exp. i. ; 
Number of observations 28 5 6 . 
Observed mean time to max. 6°95 7°46 78 884 10°52 
Calculated time to max. 695 741 791 891 
of heat production 008 10 2 8 
Number of observations 80 4 
_ Observed mean time to max. 6°48 6°99 7:48 7°98 922 10°82 
Calculated time to max. 6°48 6°94 744 7°94 9°44 10°44 
Exp. iii. 
Duration of heat production 0°05 1-0 20 40 7 10 
Number of observations 80 5 6 
Observed mean time to max. 6°77 726 892 86106 12°05 
Calculated time to max. | 6°77 7°25 7°75 8°75 10-25 11°76 


Here then, in this “time to maximum displacement,” we have a 
criterion whereby we may determine the actual duration of any evolution 
of heat in a living muscle. By taking sufficient observations the results 
may be made very accurate. | | 

All the preliminary observations were made in form (A) of the 
instrument: all later observations in form (B). As they confirm one 
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another, I. propose to give results obtained with both. Using the semi- 
membranosus in form (A), it is found that the “time to maximum dis- 
placement“ for an instantaneous rise of temperature is always the same, 
if no control magnet is used. The mean of many readings is 7°7 sec. 
Similarly for the “time to return to z, where the mean of many 
readings is 29°2 sec, The observations made with form (A) of the 
instrument on living mme are given in the next Table. 


— 


TABLE III. 


‘observations with different strengths of stimali 
Left in O, several houre, 
Heat produced | 12 19 2% 2 28 98 30 31 
Time to max displacement 80 76 76 76 80 76 77, 77, 75 
Heat produced 34 34 41 41 42 42 4 59 60 70 
Time to man, displacement 76 77 78 76 76 72 78 
Heat produced 72 64 70 80 ae 
Time to max. displacement 82 76 82 77 

The mean value of all these times to maximum” is 77 sec. The “probable mean 
error” of this result is + 051 sec. 


Exp. ii. Fresh muscle: observations with different stimuli. 
‘Hestproduced 18 17 #19 2995 80 332 57 
Timetomax. 84 80 90 8˙4 83 85 86 865 

The mean value of these ‘ ‘times to max.” is 8-46 sec. 

the result is 4.· 1 sec, . 


Expr. iii. Five normal muscles: diferent strengths of stimal. 
The heat productions greater than 87 were given by short tetani. 


* 


Heat produes! 15 18 16 205 21 21 256 27 
Timetoreturnto} 31 802 304 802 304 304 29 31˙4 
Timetoreturnto} 291 286 2302 26 286 28 3805 81° 
Time bo return to; 81-2 285 30:5 302 804 806 29-9 3807 
Heat produoed 72 98 109 17 180 188 169. 218 
Time to return to} 294 305 821 299 299 803 299 30-9 
Heat produced 252 263 283 a 


Time to return to } 80°38 


The mean value of all these ‘times to return to ” is 30 1 ee 
error of this result is +15 sec. a — The probable mean 


Foran instantaneous ise of temperature the tte to max, is 77 and 
return to } is 29°2 sec. 
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From this Table it is seen that in the three muscles given in Exp. i 
the heat production is very rapid: the “time to max.” is the same as 
for an instantaneous rise of temperature. In Exp. ii however the 
heat production takes 1:52 sec.; for the “time to max.” is 76 sec. 
greater than for an instantaneous rise. In Exp. iii again there is 
practically no heat set free after the initial outburst: if more than 
about 1% of the total heat produced were liberated between the times 
77 sec, and 30°2 sec. there would be more than 1 sec. ee 
between the actual and theoretical “time to return to 4.” 

The subject obviously needed further investigation: all that had 
been shown hitherto was that in some muscles the heat was evolved 
very rapidly after excitation, while in others it might take 1:5 sec. 
The method was applied again, with the instrument in its more 
sensitive form (B). Sartori muscles of Rana temporaria were always 
used. The experiments may be classed under two pane: | 

I. Those referring to rapid twitches. 

II. Those referring to prolonged contractions. 


Many observations, usually between 10 and 20, were taken on each 
occasion. It is impossible here to give every observation, so I have 
contented myself with giving the “probable? mean error” of each 
result, The mean of 20 readings is subject to only a very small error, 
and the degree to which any result may be trusted is shown by the 
small value of the probable mean error tabulated. with it. 

In the Tables given below times are in minutes, measured from the 
moment when the muscles were placed in the instrument: the “ mean 
time to max., the probable mean error of the result, and the duration 
of the heat production are given in seconds. The duration of the heat 
production is taken as twice the difference between the numbers. 


(i) The “time to max.” observed. 
(ii) The “time to max., t, for an instantaneous rise of i no 
of the same muscle when dead. 

It involves the assumption that the heat 1 occurs at a 
uniform rate, so long as it lasts. Probably, however, the rate of heat 
production in a twitch would start at a high value and fall off gradually 


1 The probable mean error is calculated as follows. If ti, tr.. t, be u readings of the 
“time to maximum displacement,” the mean time to max.” is y= A, and the 


Probable mean error of this result is + 
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to zero, following some such equation as A n where H is the 


total heat set free, X and & are certain constants. 

In this case it can be shown! that the “time to max.” is (te 1/k): 
so that the duration obtained by the above method is 2/k. This 
represents the period taken for about 86°5 "lo of the heat to be evolved. 
Tn any case, under whatever laws the heat is given off, the “duration ” 
given in the Tables below is a valid measure of the degree to which the 

heat production is prolonged. 
The columns marked “dead” refer to the observations made on an 
artificial instantaneous rise of temperature i in the muscle, when dead. 

From the experiments given in Table IV we may conclude : 

(a) Exps. i, ii, iii show that in a muscle left long enough in O, the 
heat production of a single twitch may become so rapid as to be 
practically instantaneous. | 

(b) Exps. i to v show that, when a muscle is left in O,, the heat 
production of a single twitch gradually becomes more rapid. In Exp. i 


TABLE IV. Experiments referring to rapid twitches. 
‘The effects of O,, or want of Os, on the duration of the heat production. 
xv. i. Fresh musole in O,. Each observation a tetanus of 07 sec. 


Time 90 100 200 Dead 
Mean time to ma. 7°30 738 7198 7˙11 
Prob. mean error dite + 03 + 034 & 4* 045 
Duration of heat ‘production ea ‘88 54 04 ane 
ii. Each observation -07 sec. tetanus. Muscle in O, 
Time 55 és 50 80 180 190 200 Dead 
Mean time to max. 7˙14 7˙1⁵ 6-97 6°86 6°86 
Number of observations 20 11 81 — 72 2⁵ 
Prob. mean error. +°036 4066 +4087 — £06 +028 
Duration of R. v. en “56 68 22 — 0 — 


100 shocks given at intervals of 2 sec. 


1 If ty be the “time to max.” for instantaneous rise of temperature, and if H be the 
total heat evolved up to any time t, following any law whatever Hf (i), then it mays 
8 will be very nearly 
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‘Exp. iii. Muscle left 15 hours in Ringer: then put in the instrument in hydrogen. 


Time ‘i ie 90 110 155 100 190 267 
Time to 7°06 716 713 * 7˙20 6°92 
Number of observations 20 20 21 — 18 30 
Prob, mean error. 409 +032 4˙046 — 4036 * 032 
Duration of . v. „„ — 140 84 
Time ee 810 875 465 490 Dead 
Time to max. .. — 690 6838 684 6-79 ‘6-82 6˙50 
Number of observations 15 13 33 
Prob. mean error . £082 4 0% 4 ˙ 07 +-026 
Duration of n. v. 80 66 68 50 6⁴ — 
Exp. iv. Muscle left 16 hoars in Ringer: in the instrument in air. 
Time 165 195 255 270 315. 880 360 Dead 
Time to max. — 6905 6095 7 696 6°95 
Number of observations 16 — 14 18 1 — 20 28 
Prob. mean error £029 — 4 0% — 9042 019 
Duration of n. r. VF 0 — 02 — 
* O, was admitted. t 20 sec. tetanus and 1 min. tetanus. 
Exp. v. Muscle, after 27 hours in Ringer, and 18 in the instrument in hydrogen. 
Time „ 780 790 800 820 840 850 935 1085 Dead 
Time to max. 70 718 738 72s 726 717 701 


No. ot observations 10 10 10 20 20 — 42 1 10 


Prob. mean error 4 07 4 0 4°07 4 0% 4-081 — 081 4 008 4 046 


Duration of 3 — 46 22 — 
0, was admitted. 
vi, vii, viii and ix. Muscles in O,. 
Time 60 Dead 60 Dead 80 Dead 55 Dead 


Mean time to max. 7°25 6°47 8°40 67°26 721 6°49 840 7°47 


No. of observations 29 11 24 19 19 18 15 17 


Prob. mean error £04 £05 £08 £0 4 056 +08 4 046 4 035 


Duration of . v. 156 — 22898 14 — 186 — 
Exp. x. Muscle in O,. | 


3 
Mean time to max. 6°85. * 7°05 ks 
No. of observations 45 —— 17 — 
Prob. mean error + — + · 036 — 
Duration of u . £ — 4 ＋ 4 — 
* N, admitted. 


the duration of the H. P. falls from 54 sec. to O: in Exp. ii from 58 sec. 
to O: in Exp. iii from 1°4 sec. to 6 sec.: ae 2 sec. to O: in 


Exp. v from 54 sec. to 32 sec. 
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(e) Exps. iii, v, x show that when a muscle is left in 8 or 


an atmosphere free of O,, the heat production gradually becomes more 
prolonged: especially is this the case when the small amount of O, 
already in the muscle is used up by exercise (see in particular Exp. v). 
In Exp. iii the duration of the H. P. increases from 112 to 1°26 sec. : in 
Exp. v from 0 to “74 sec. in Exp. x by 4 sec, : 

(d) Exp. iii shows a muscle in which five hours i in 0, only reduced 
the duration of the H.P. to about 6 sec. 

(e) Exps vi to ix show muscles in which one bour in O, has 


28 a the duration of the H. P. no more than to 1°56 sec., 120 sec., 


1°44 sec., and 1°86 sec. respectively, 


The duration of the heat production of a single twitch is 8 5 


a variable quantity. It may sometimes be reduced to a very small 
value by the presence of O,: it may be increased by the absence of O,, 


coupled with moderate amounts of exercise. The evolution of heat 


may, on the one hand, be practically instantaneous: it may, on the 
other hand, last as long as 2 sec., i. e. from four oa 
the contraction itself. 

We now come to a consideration of the duration of the evolution of 
heat in prolonged contractions. During a constant tetanus the rate 
of heat production is by no means constant, but falls off very rapidly at 


first. Curves connecting the total heat set free with the duration of 


the constant tetanus are given in Part III of this paper. (See Figs. 


5 and 6, p. 29.) We must assume these results, in order to proceed. | 


Using the formula given above (footnote p. 10), and supposing that 
in a tetanus every element of heat is set free immediately after the 
_ stimulus which liberated it, we can deduce the following approximate 


results. Let t, be the “time to max.” for an instantaneous rise of 


temperature: then we shall have, for a living muscle, 


Duration of tetanusin secs. 25 #5 10 20 8 4 «G6 6 8 
Time to 10 “87 1% 298 978 8-78 


If we find that in the actual tetanus of a muscle the “ time to max,” 
is greater than 
t. + (the number given in the second row of the 8 


then we shall conclude that the amount of heat set free by each 


element of excitation was not liberated —- but 25 a certain 
finite time for its evolution. 
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In Table V the “calculated least time to max,” is the “time to max.” 
that would have been observed, had each element of heat been given out 
immediately after the element of excitation that caused its liberation. 
The numbers marked “ prolongation of H. p.“ are twice the difference 
between the observed “time to max.” and the “calculated least time.” 
They represent roughly, but in as valid a way as we can expect in our 
present stage of knowledge, the average degree to which the heat 


is 


TABLE v. Duration of heat production in prolonged contractions 


Er. l. Munde in 0,. „6: ot 
=6°78 866. Time in minntes after putting in the instrument. 


Time 90 115 182 192 202 
Duration of tetanus 28 1 1 ec, 86% 2 B00. 
Number of observations 14 10 10 N 15 
Mean time to max. 78s 7556 (C(O 
Calculated least time to max. 7˙5⁵ 7°55 
Prolongationofu.r, ... 666 84 1-04 
Exp. ii. Muscle in Oi. Mean time to max. for instantaneous rise=7'14 se. 
Duration of tetanus 3 800. 8 sec. 
Number of observations 15 11 RS 7 
Mean time to max. Ae 7°93 8°38 8°86 9°39 
OCaleulated least time to max. 761 796. 844 8044 
Prolongation of . 84 „ 1:90 


Exp. iii. Muscle left 14 hours in 0,-free Ringer: put in instrument in H,. Ten 
preliminary stimulations. Mean time to max. for instantaneous rise - 714 sec. Obser- 


vations are of 1 sec. tetanus. Consecutive observations. 


Observations 107 8told 15 21 22t029 * 30to4l 
Mean time to max. 7-60 7°93 814 $16 — 7°89 
Calenlated least time tomax. 751 . 751 TH — 7.81 


Prolongation of . . 18 8⁴ 1˙26 180 — 7⁰ 
| 0, put on. Next observation after 45 min. | 


Exp. iv. Muscle 1 hour in O,. Mean time to max.=6°97 seo. for instantaneous rise. 
Number of observations 12 8 8 8 2 1 1 1 5 2 
Time to max. ... * 747 7538 760 787 85 92 98 80 768 80 


Oalodl. least time to max. 7°01 709 7:15 7°34 7°79 8°27 8-27 7:34 7:15 7°34 


Prolongation of . r.. 92 88 90 106° 1°42 1°86 2°06 1:32 106 1°32 


Duration oftetanus ..-2 4 2 1 3 
Number of observations 1 1 1 8 1 1 Lick. 
Caled. least time to max. 7°79 8°27 779 7°34 7°09 7:05 701 705 7:12 7°25 
Prolongation of u.r. ... 1°42 1°86 1°42 1:12 121 90 78 70 1:16 1:10 
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TABLE v (continued). 
v. Left in E.. 1 oe. tetanus. 


Time 4 95 10 100 
Time max. * 7°31 7:69 7°88 7°90 
Number of observations 7 8 8 5 


The heat production hed its duration prolonged 1-18 sec., by 145 minutes in Hr. 
Exp. vi. Muscle in O,. Time to max. for instantaneous rise=6-50 sec. 


Duration of tetanus +08 “80 10 2˙0 4˙0 
Number of observations... 13 12 10 12 7 
Meantimetomax. .. 682 689 7% 761 849 
Caleulated least time to max. 6°50 6°59 6°87 7°32 8-28 
Prolongation of n. v. joe 64 60 86 58 42 


Exp. vii. Muscle in air. 1 sec. tetanus. Time to mas. for instantaneous rise =6'62s00. 


(i) After 13 hours in sir, prolongation of K.. = 1°84 sec. 

(ii) After 1} hours more in Oi, ditto see. 
From Table V we may conclude : 
(a) In a tetanus the heat is never given out immediately on 
excitation. The element of heat liberated by any element of excitation 
is not eompletely evolved until a time from 5 to 2 sec. after that element 
of excitation. In other ras the H.P. lags behind the excitation 
causing it. 

(b) Except in one exp. (Exp. iil) there is no direct evidence that 

O, shortens the duration of the H. p. in a tetanus: it is difficult to observe 
this, because the excitations necessary for the experiment gradually 
prolong the H.p. There is, however, fairly satisfactory evidence that the 
prolongation of the H. P. increases more rapidly in Jie. men in O.. 


Summary of Part 


The 3 of when the heat is evolved in muscular activity is one 


of fundamental importance, but unfortunately of considerable complexity. 
The apparatus used in the experiments given above can probably be 
considerably improved for the purposes of a further investigation. It 


should be possible, ¢g., to work with a capillary electrometer instead 


of a Broca magnet-system. However, until further work can be done, 
we may safely lay down certain general observations on the subject. 
(J) The heat production of a single twitch usually occurs very 
rapidly—is complete in 0˙1 sec.—in muscles left several hours in O,. 
(2) The heat production can be er * * the muscle 
long in an —— free of O. 
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(3) The heat production of a twitch may occupy as long as 2 sec.: 
much longer than the period covered by the mechanical effects of the 
twitch, 

(4) In a tetanus the evolution of heat usually lags behind the 
ene It may be roughly 2°5 sec. behind, but generally it is, in 
a frog’s sartorius, about 0°8 sec. behind. Each element of excitation 
causes a corresponding element of heat production, which is not complete 
till a moment from 5 to 2°5 sec. after thet element of exgitation 
occurred, 

These 5 incomplete as they are at present, seem to me to 
be of fundamental interest: they have bearings both upon general 
physiology and upon our conception of the nature of the muscular 
machine. A more general consideration of them is given later in the 
Gn Summary. 


Part II. THE CONSTANCY OF THE RATIO BETWEEN THE HEAT 
PRODUCED AND THE INCREASE OF TENSION, IN A MUSCLE EXCITED 
ISOMETRICALLY. 


It is well known that there is no simple relation 3 the work 
done in a muscle twitch and the heat set free. In other words, the 
“ efficiency” of the muscular machine varies with (a) the load, (b) the 
number of fibres excited, (c) the strength of excitation of each fibre. 
The absence of any simple relation between work and heat, together 
with the considerations given in a later part of this paper’, led me to 
the following series of experiments. These have shown that there is a 
direct proportion between the maximum increase of tension (T) set up 
during the activity of an isometric twitch, and the heat (H) evolved in 

the process; in other words / H is constant, whatever be the initial 
tension, the number of fibres excited, or the strength of excitation of 
each fibre. This fact must be of fundamental importance in our theories 
: of how, in the muscle, chemical energy is transformed into work. 

Method. The muscles were situated in contact with the thermo- 
electric junctions in the usual fashion, in the muscle chamber? full of 
damp oxygen. The lower ends of the muscles were tied to silk threads, 
which passed through small holes in the base of the instrument and 
were attached to the lever used for measuring the tension. This lever 
stood on a shelf below the table, and recorded on a smoked drum. The 


1 Pp. 38, 39. 
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lever is shown in Fig. 2: the figure explains itself. It was necessary for 
several purposes that the lever should be capable of being adjusted very 
delicately in a vertical direction. For example, such an adjustment 
makes it possible to vary the initial 
tension on the resting muscle with 
ease and accuracy. The lever was 
made for this purpose: it can be 
screwed up and down on a vertical 
brass rod, and can have its vertical 
displacement read on a scale. The 
spring can be fixed in any of the 
holes shown in the figure: thus the 
sensitivity of the instrument can be. 
varied at will, for if the spring is 
moved to two new holes further to 
the left, then the same increase of 
tension causes a greater movement of 
the lever. The muscle ‘is attached 
to the string at X, which is so close 
to the axis that no appreciable short- 
ening of the muscle can occur. The ~*~ : 
instrument is calibrated by turning Fig. 2. The Tension Lever. 

it upside down and hanging weights 

on it. Stimulation was by single gsi shocks, or short tetani, and 


was carried out by the use of Mr Keith Lucas’ apparatus deseribed | 


above (p. 7). 


In warm weather the 8 gave constant results for only very 


short times: since it is necessary in these comparative experiments to 
secure constancy as long as possible, I have had made’ a water jacket, 


constructed of two concentric brass cylinders with a spiral of lead tubing 
between them. Water is allowed to run by a siphon arrangement 


through this lead tubing, whereby the temperature of the inside of the 


jacket is kept constant at a low value, within a few fractions of a‘degree. 


A hole is bored in front, to let in the light from a Nernst lamp. 
Results. In the Tables below are given experiments demonstrating 
the constancy of / H for variations of the three factors (i) initial 


1 By the Cambridge Scientific Instrument Oo., to whom, n 


particular, my thanks are due for the admirable way in which they have made the 


apparatus and carried out the alterations necessary for this research. 
* The rest of the space between the cylinders is filled with water. 
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tension, (ii) number of fibres excited, (iii) degree of excitation of each 
fibre. In considering the constancy of /H we must not expect a 
physical or mathematical accuracy: we must bear in mind that even if 
/ H may vary occasionally by as much as 10°/,, the mechanical 
efficiency W/H often varies as much as 700°/, for the same conditions 
of loading. Errors must inevitably be introduced because all these 
observations are made on a tissue in a changing state, and the changes 
are not always gradual, but sometimes occur abruptly. A long series 
of experiments has led me to believe that under all variations of the 
three factors 7/H is constant, at any rate to a first approximation. A 
few of these experiments are given in the Tables bélow. 


TABLE VI. Variation of stimulus, which is a single induced shock. 
There is every reason to believe that variation of the strength of a single induced shock 
simply varies the number of fibres excited. 7 : 
H=heat produced, measured in units of the galvanometer 
T =max. increase of tension set up, in gr. wt. 
Exe. i. Temperature 5°5° C. (+0°8° C.). Three hours after dissection. In 0, 
Constant initial tension=10-5 gr. wt. Observations in order of time. : 
Coil at in m) 185 12 11 8 116 16 4 1296 118 85 


H 26 40˙5 49 68 43˙5 23 6 265 385 53 
T eo 165 205 245 175 U6 25 125 145 20 
T/H 46 ‘41 42 39 40 49 41 47 35 42 88 
Coil at 18 16 16 138 ˙5 7 
H 20 ˙5 42 30 225 634 ˙5 47 
T 12 23 18°5 12 65 24 
T/H 58 55 58 5¹ 


Exp. iii. Temperature 62 C. Three hours after dissection. Initial tension = 3 gr. 
Coil at 20 22 18 23 18 10 
H 24 10 19˙5 30 28 13 22 82 


[With regard to variation of stimulus the weak point of the heat- measuring instrument 
should be noted. The junction is at only one part of the muscle, the top end. Sub- 
maximal stimuli are apt to cause contraction of one part of the muscle and not of 
another, in which case the rise of temperature at one point is not a fair estimate of the 
total heat produced all over the muscle. Consequently, in some muscles, no constancy 
whatever can be obtained for 7/H, for variation of the single shock: in these muscles 
T/H shows perfectly irregular changes as we — the strength of the stimulus. In 

about half the muscles tested have I obtained the degree of constancy of T / H shown 
in above Table. Usually if a muscle gives irregular results it can be made to give 
regular ones, by keeping it in the instrument for some time. The muscles have in all 
cases been treated with Ringer’s solution, and it is known that this solution changes the 
excitability of muscles. Consequently irregular results are obtained, until the tissue has 

- become accommodated all over to the new fluids bathing it.) my oe 
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TABLE VIL Muscle excited by u tetanus of very short duration. Variation 


Duration of tetanus in seconds. c 
ie Coil giving about 42 shocks per sec. 


Duration of tetanus 016 031 
52˙5 
80 


016 
28 
27 


0s 081 000 
65 1 832 44 53 
18 114 12 1-0 10 


Exp. iv. 
Duration oftetanus 0089 0156 0234 0890 0078 0156 “055 
H 18s 22˙ 27 32 145 
185 19 1.67 1/2 198 


TABLE VIII. Variation of initial tension. Constant stimulus. 
| Initial tension in gr. vt. i 
Expr. i. Temperature 18° C.: tetanised 065 sec. 
Initial tension 18 38 
32 24 
145 48 


11 30 
26 21°5 24 
2°54 2°51 23 
Exp. iii. Temperature=5-7° C. Bingle induction shocks. 
868505 


> 4 * 

U 


002 

4 

4 

4 0039 0078 031 039 

a | T|H 2-52 2°70 250 - 288 

Exp. iii. 

a Duration of tetanus “117 

H 55 

4 1˙1 

83 885 
3 173 1°87 
5 Exp. ii. Tetanised -055 sec. 
12°5 
4 T/H 53 57 51 86 57 49 45 “49 50 

thet beth betwoon the Sth and tth observa. 
4 tions: but that both before and after this fall 7/H is constant. Possibly a piece of the 
3 muscle had broken free, and although it still gave out heat it no longer aided in increasing 
q the tension. These abrupt changes in / H are not uncommon. 

4 Exp. iv. 

4 Initial tension 2 85 22 36 48 22 11 80 
. H 55 61 66 68 66 62 63 66 

3 I 88 98 87 75 68 85 "85 
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The results of Tables VI, VII, VIII may be expressed as follows: 

(1) Table VI shows that when a muscle is excited isometrically, at 
a constant initial tension, by a single stimulus of variable magnitude, 
the increase of tension is always proportional to the amount of heat 
evolved, whatever the strength of the stimulus. | 

(2) Table VII treats. of the effect of stimulating with a short 
tetanus, of length from 1 to 01 sec. The muscle, in these cases, 
receives in rapid succession from one to five shocks. However many 
shocks the muscle receives in a time not greater than 1 sec., the 
increase of tension is always proportional to the amount of heat evolved. 

(3) Table VIII shows that when a muscle is excited by a constant 
stimulus, whether a single shock or a short tetanus, the increase of 
tension is exactly proportional to the heat evolved, whatever be te | 
initial tension on the muscle. 

We may now consider the bearing of these results. 

1. It is very probable that increasing the strength of a stimulus 
increases simply the number of fibres which react to that stimulus, and 
not the strength with which the individual fibre contracts. If this is 
30, Table III shows that however many fibres contract 7/H is constant 
for the whole muscle, and therefore T/H is the same for each individual 


Thus, at any given moment, the mechanism connecting the evolu- 
tion of heat with the increase of tension is the same in every fibre. 

2. Stimuli may be “summed,” and “summation of stimuli” 

implies that it is possible to increase the force of contraction of each 
single fibre in the muscle. Table IV then shows that the increase of 
tension produced in a fibre during activity is exactly proportional to the 
quantity of heat evolved, however strongly that fibre may contract. 
3. Increasing the initial tension on the whole muscle increases the 
tension and length of each fibre. Thus, during activity, whatever be the 
initial vesting tension and length of a fibre, that fibre acquires an increase 
of tension exactly proportional to the quantity of heat produced by it. 

These phenomena are of interest, and will be referred te again in a 
general discussion at the end of this paper. | 

We have considered so far the constancy of / H under variation of 
the external conditions affecting a muscle, viz. stimulus and load. 

We must now turn to a consideration of the effects of altering the 
internal conditions of the muscle itself, of varying the physical and 

chemical nature of the medium in which the muscular machine is 
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The main effect of time is a gradual decrease of the ratio T/ H. 
This is best seen in the Table below. 


TABLE IX. 


Exr.i. Temperature=16°5°C, In 0,. Time in minutes. 45 : 
Time since dissection 67 72 77 87 97 107 184 
Ooll at (in om.) . 105 1056 105 100 9˙5 
H 50 49 49 
T/H 124 126 124 1°18 
Time since dissection 181 238 300 890 468 
Cod at (in m.) 8 78 76 76 
H 87 31 30 
„„ 80 9 87 


ii, Temperature=16°5°C. In O. 

Time since dissection 80 148 1 200 440 
Coil alt se 16 15 12 10˙5 10 8˙5 
46 35 45 44 
T/H 103 89 90 83 78 57 


_ Exp. iii, (a) Temperature =9-2° C. Time since dissection 100 minutes. Coil at 13. 
H=46. T/H=1:34, 
() Same muscle kept for 60 minutes at 4°3°C. 
(e) Same muscle at 100 C. Time since dissection 180 minutes. Coil at 18. 
H=48, T/H=1°08. 

This is a particularly good experiment, because the excitability has not fallen off 
appreciably between the observations: for the same shock produces approximately the 
same evolution of heat. The rise of temperature from 9°2° to 10-0° C. cannot explain 


Each value of I/ H in this Table is the mean of several 5 
It is seen from Table IX and Fig. 3 that T /H falls off as time goes 
on. The fall is rapid about 2°5 hours after dissection, and after 
45 hours the ratio falls off only very slowly. There is one possible 


source of error in these experiments. The excitability falls off very 


rapidly at higher temperatures, so that to obtain an approximately 
equal heat production we have to increase the shock: we must never 
increase this to an extent which is liable to warm the muscle or to 
produce contracture in some fibres. In Exp. iii however the ex- 
citability has been left unchanged, although 80 minutes have elapsed. 
Nevertheless / H has fallen off as much as 19%. Thus, even when 


the excitability of a muscle is maintained, the ratio 7/H falls off very. 
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ootsidetably. as time goes on, both at high and low temperatures. 
Presumably this must be due to the absence of the blood stream, which 
either provides some chemical substance (other than O, which here is 
provided), or removes the products of activity. | 


— Tine Scace dissection : in hours. 


Fig. 8 To show decrease of 7/H with time, A 


00 The effects of fatigue. 

From experiments made in this connexion no very general Soe 
sions can, at present, be drawn. In a perfectly fresh muscle / H is, at 
first, largely reduced by a period of activity: it then remains, in spite of 
further fatigue, at a constant value until the muscle finally collapses. 
Never have I observed any single case in which 1/H has been increased | 
by fatigue, It is true that in a tetanus the same tension is kept up by 

a less heat production when the muscle has been subjected to previous 
excitation’. It is most necessary however to remember that we cannot 
apply results direct from the activity of a twitch to the activity of 
a tetanus: many mistakes have been made by doing so. For single 
twitches the increase of tension falls off under fatigue more rapidly 
than the heat produced. The final collapse of the muscle is possibly 
due to the sudden exhaustion of the supply of O, dissolved in it: for the 


1 See below p. 30, Table XII. 
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collapse takes place much earlier when the muscle is bathed in N. 
When parts of the muscle are almost dead, as seems to be the case in 


this state of final collapse, we can no longer trust an instrument which | 


records the rise of temperature at only one point of the muscle, For 
this reason I have not been able, as yet, to give valid experiments to 
trace the effect of a high degree of fatigue upon che ratio / H. I hope 
to do so later with the instrument in its form (B)*, when it should be 
possible to give a fuller description of the effects of fatigue. At present 
one can say only that in a single twitch moderate degrees of fatigue 
generally lower, and never raise, the value of the ratio between increase 
of tension and heat set free. 5 


We must beware of applying this statement to the effects of mild 


degrees of fatigue upon voluntary movements. Voluntary movements 


are not mere twitches : they are complexes of muscular contractions of 
many varied durations, produced by excitations of varying lengths sent 


out from the central nervous system. We cannot, without long and 


careful consideration, draw general conclusions from experiments such 


as these, as to the effects of fatigue upon the “efficiency” of voluntary 
movements, The efficiency (= work done + total energy lost) depends 
upon two factors: 

(i) the ratio 7/H of a twitch, 

(ii) the ratio 7/H in a tetanus, or prolonged contraction. | 

With sufficient knowledge of the effects of fatigue upon these two 

factors, for the case of every muscle involved in a given voluntary 
movement, it should be possible to predict the effects of fatigue upon 
the whole voluntary movement. We must remember that every muscle 


of any animal has different properties from the rest: some work more 


efficiently for rapid movements, some for slow. To say, as some text- 


books do, that because a frog’s muscle evolves less heat in proportion to 


the height of contraction during a tetanus. when it is fatigued, that 


therefore the voluntary movements of a man running are carried out 


more efficiently during fatigue, is absolutely inadequate and misleading. 
The whole problem is far more complex than such a statement would 
imply, and no general rules can at present be laid down. co 


(iii) The influence of temperature. 


A rise of temperature increases very largely the value of /H. 


That proportion of the degraded chemical energy which is transformed 


into the potential energy of increased tension is far greater at high! 


Bee p. 8. 
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temperatures than at low. Since 7/ H falls off with time, and since it 
is necessary to cool the instrument for considerable periods before the 
whole is at a uniform temperature, we cannot write down with any 
— accuracy. any temperature coefficient of 1 85 


TABLE X. 
Exe. i. Coil at 18: time in minutes. 5 
Time sines disseetion 60 100 133 180 270 3880 8660 


T/H wee „*. 1°55 1°34 117 1-08 1:07 1°52 1°46 
Tine sine 60 105 140 
Temperature x 24°8° . 
T/H 1:15 1°22 1-29 1°15 107 
Exp. iii, 
120 150 255 $15 360 390 
Temperature 4° 4° 10°3° 19-2° 26°3° 30˙5⸗ 
70H 60 60 *62 84 1-05 110 


We know from. p. 20 that T/H decreases as time goes on: hence, 
in Exp. iii, T / H has been very largely increased by a rise of temperature, 
in spite of the time which has elapsed between the observations. Looking 
at Exp. iii in this light, we can say that in the transformation of 
chemical energy into potential energy’ in the muscle, at least twice as 
large a proportion of the total energy degraded is transformed mito 
potential energy at 30 C. as at 4°C. 5 
There is one general consideration which, to some extent, coordinates 
all these changes of / H. It is well known that a fresh muscle gives 
a sharper, brisker, twitch than a stale muscle. In a muscle which is 
perfectly fresh the tension falls off again very soon after it has risen: 
while in one which is stale the tension remains constant for a noticeably 
longer period. The difference in the tension curves is shown in Fig. 4. 
Now large amounts of heat have to be used per unit time in 
keeping up a tone: and contracture involves heat production“. Hence 
we should expect that in a single twitch heat has to be used to keep up 
the tension at its maximum value, as well as to raise it to that value. 
Thus, when the tension is more prolonged, H is increased while ee 
remains constant. Thus 7/H will be smaller when the tension curve 
is more prolonged. 
1 The potential energy due to increased tension. 
2 A.V. Hill. This Journal, xu. p. 395. 1910. 
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Nom fatigue, lapse of time since dissection, and a low temperature 
all give prolonged ‘curves of tension. This seems to me to be un- 
doubtedly one of the factors which cause these changes in the value of 
T/H: whenever the increase of tension is prolonged / H has a smaller 
value. I have noticed however, many times, that the duration of the 
increased tension is not the only factor which determines variations in 
the ratio /H. | | 
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Fig. 4. To show change of tension curve, with change of T /H. Nos. 1, 2, 8, 4 from the 


same muscle, at different temperatures. No. 1, 4 C. /H = 6: No. 2, 108 C. 


2: No. 8, C. / H= 84: No. 4, 26˙3 C. T/H=1-05. Nos. 5 and 6 


from the same muscle. No. 5 fresh, T/H=1-48: No. 6 after fatigue, T/H=1°29. 


Summary of Part II. 

The inconstancy of the ratio W/H, where F is the mechanical 
work done in a twitch, and H is the heat set free, together with the 
_ considerations given in Part IV of this paper, led to an examination of 
the ratio 7/H, where T is the maximum tension set up in a twitch. It 
was found that in an isometric muscle twitch the ratio / H is constant, 

whether we vary — 
7 (i) the number of fibres contracting, 
(ii) the strength of contraction of each fibre, 
(iii) the initial resting tension on the muscle. 


We may conclude (i) that / is thé same for every fibre, (ii) that 


T/H is constant for any fibre however strongly that fibre contracts, 
(iii) that 7/H is independent of the resting length and tension of any 

Hence we shall deduce that the tension of an isometric muscle 
twitch is, theoretically, a far more important factor than the height of 
contraction. The tension refers to the potential energy of the active 
muscle, the height of contraction to the actual work done. Part IV 
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shows that the latter can, in general, be deduced: from the former. 
Hence the important factor in our conceptions of the nature of the 
muscular machine is the potential energy which is thrown suddenly into 
being following an excitation. In a general sort of way there is a pro- 
‘portion between this increase of tension-energy during a twitch and 
the amount of heat set free. 

An excitation liberates a certain amount of potential energy of 
- increased tension: it liberates also a certain amount of heat energy; 
there is some degree of proportionality between these two. 

The ratio 7/H decreases in fatigue, by the action of time on a 
musele isolated from its blood stream, and by lowering the temperature. 
A rise of 26°C. more than doubles the a of the — energy 
degraded which is turned into tension energy. 

A further discussion of these results is ‘given: fa San mary of 
Part IV, and in the General 8 e 


_ Parr III. Tun HEAT PRODUCED DURING THE TONE or 
COMPLETE TETANUS, 


In Part II the experiments referred to single twitches only. In this 
Part the muscles have been tetanised for varying periods up to 2°5 sec. 
It is impossible to obtain very concordant results, with the instrument 

and muscles available, for periods much longer than this. 
If a muscle is tetanised' for any period ti we can record 

(i) the curve of tension during that time, 

(ii) the total heat produced Hi. 

When the period t is not so long as to damage the se the 

muscle may be tetanised again for a period t,, and a similar tension 
curve recorded, the heat produced being H,. Suppose t, to be greater 
than ti: then in the process of keeping up the tension from the time t. 
to the time t, the quantity of heat set free is 

H. Hi]. 

Now ti and t may be varied at will, so that we can observe exactly 
the relation between the duration of the tetanus and the total amount 
of heat set free in it. In practice however the following difficulty 
arises. Suppose that we tetanise for 1 sec, and that the tension 
recorded rises to 50 gr. wt.: if we then tetanise for 1˙2 sec. the tension 
is generally a little less than before, say 47 gr. wt.; the previous 


1 By Mr Keith Lucas’ apparatus. See p. 7. 
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3 had, to a slight extent, exhausted the muscle. When 
there is no large difference between T1 and T, we are justified’ in 


multiplying H. by 7;/T,2, in order to “reduce” the value of the heat 
for the second tetanus to what it should be, had it shown an increase 
of tension equal to that set up by the previous tetanus. Then, and 


not until then, can we subtract Hi, from H,., in order to obtain the 
heat set free by the tetanus existed the 
10 sec. to 1˙2 sec. 


„Let t be the 8 the beginning of a tetanus: let : 


H be the total heat set free by a tetanus existing for that time. Then, 
by experiments of the type described above, it has been found possible 
to determine in the fresh muscle the relation! between H and t. This 


relation must be of fundamental importance in any theory of contrac- — 


tion: I have therefore given several experiments and figures, as the 
observations are generally of a higher degree of accuracy than the 
average physiological experiment. In all these cases the tension has 
remained constant during each tetanus, from the moment when it 
reached its maximum. Yet in every case = starts at a very high 
value, and falls until it reaches a certain constant value. In other 
words a tetanus for the first 0°1 sec. produces far more heat than a 
tetanus for the second 0°1 sec.: while a tetanus during the period 
15 sec. to 2 sec. produces exactly as much —— ee 
to 2˙5 sec. 

The factors which: cause this fall of 4, and the final constant value 
attained by it, are undoubtedly W properties of the muscle 

In the experiments to be given below certain points should be 

(1) During the tetanus of a fresh active muscle, for a short period such as 2 sec., 


the tension should rise rapidly and remain constant until the tetanus ends. In some 
cases the tension, no doubt from exhaustion, falls off again directly the maximum has 


been reached. Whenever the tension curve showed that the tension had not remained 


constant during the tetanus, and therefore that the muscle was becoming somewhat 


exhausted, the observation was rejected. a 


tension, having reached its maximum, remained constan 
(2) The muscles were, in all cases, in oxygen. 
8) Most of the observations were made on the semi-membranoeue muscles of large 


male frogs, at room temperature (12° O. to 18° C.). Stimulation was tetanisation by an : 


3 1 Tt sbould be notioed thet E is mot the heat set free im time f but the hest set free by 
a tetanus of time t. Part I of this paper shows that the heat en 
excitation: H may be much greater than the heat set free én time ¢. 
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HEAT PRODUCTION IN MUSCLE. 2 
industion coil, 50 shocks per sec., with one volt in the primary eirouit. Duration of 


_ tetanus in seconds. 


(4) The Reduced Value of H“ was calculated as follows’: | 
observations of complete tetanus showed the same maximum tension, the reduced values 
of H in all observations were obtained by dividing H by the maximum tension of a 
complete tetanus. The reduced values of H represent therefore the heat that would be 
produced by various durations of u constant tetanus, in which the final tension set up is 
the unit of tension. 

(b) If the values of 7, the maximum tension of a complete tetanus, were falling off 
in consecutive observations, it became necessary to correct for this defect. This must be 
done for the two different cases : 

(a) If the tetanus were of such a duration that the maximum tension was attained, 


the reduced value is taken as H/T, the heat produced per unit tension. 


(8) If the tetanus were too short for the maximum tension to be reached, the 


_ reduced value of H.is H/ T., where T., is the maximum tension that would have been set 


up if the tetanus had been continued, 7, is taken from the nearest observation, in 
point of time, which gave a value of the maximum tension. : 
Thus the reduced values of H represent the heat produced during various lengths of a 


tetanus, in which the maximum tension set up (or the maximum tension that would have 


been: eet up if the tetanus were long enough) te the watt of tension. 


TABLE XI. 
Exp, i. Temp. 127 C. Coil at 10. 
Duration of tetanus ... 710 
Max. tension set up, T œ 32 32°5 32 
Heat produced, H. 72˙8 66 1 
“Redneed Value” of H 220 2˙62 8°22 
Results shown in Fig. 5. 


Exp. ii. The exprineot was made and «with 
decreasing times, in order to eliminate the effects of fatigue. See Fig. 6. 
Duration of tetanus, t 04 08 04 08 16 32 64 128 2˙56 1°92 
Te ae . 267 88 262 88 38 #395 39 #888 36 87 
He ei . 48 6 48 645 945 118 178 260 3878 279 
Reduced value of H.. 109 1:64 1:09 163 239 299 445 67 995 17°54 


160 128 96 72 48 ‘32 24 16 12 08 


„„ 362 85 882 82°4 81-7 306 281 255 22 
He 445 224 182 142 115 92 77 66 50 4 33 
value of 62 52 415 845 284 2˙4 218 1°61 1:38 1-06 
| - Results shown in Fig. 6. 
Duration 0-9 05 O18 008 
„„ 20-1 20 194 19 171 M2 
249 169 166 87 69 46 83 
Reduced value of H 128 8450 695 4˙6 


Results shown in Fig. 5. 
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ĩðͤ 
Duration? ‘16 ‘82 64 
19-6 1990 182 
V 47 54 67°65 89 1 
Reduced value of H 2˙4 2˙75 . 7-0 

Results shown in Fig. 6. : 
Reduced value of 10s 6˙s 23 1 
Results shown in Fig. 5. 


Duration:. 016 0% 09 100 158 172 
Reduced value of H 165 26 38 46 57 635 605 635 6˙9 


Durstiont ... 390 8845 78 106 12 148 1% 


Reduced value of H 825 104 120 158 185 198 225 256 26 
Results shown in Fig. 6. 


Durstiont :. 006 016 028 000 047 „0% 0% (101 133 
Reduced value of H 112 1˙64 1°68 2˙2 2˙25 285 38:55 3°95 465 
Durationt __... 172 218 273 335 405 4853 570 665 
Reduced value of H 50 565 645 725 805 885 96 1025 
Results shown in Fig. 5. ; 
Duration: 016 081 062 128 260 46 164 
“Reduced value oft H 80 625 70 108 150 21-4 295 447 
US Gs Results shown in Fig. 5. 
The tension set up by the muscle in this experiment varied from 78 gr. wt. for 


125 sec., to 67 gr. wt. for 1°84 sec. No large errors can have been introduced by 


From the experiments given in Table XI, and shown 8 in 


Figs. 5 and 6, it is seen that the curve relating total heat produced to 


duration of tetanus rises rapidly at first, and then more slowly, until it 
becomes almost a straight line. After about 4 sec. the heat set free is 
proportional to the duration of the tetanus producing it. Before that 
time however there was no such proportion. For example in Exp. ii 
a tetanus of 2 sec. causes a H.P. proportional to 43, while a tetanus of 


‘4 sec. causes a H. p., not of 86, but only of 60. We cannot calculate 


the rate of heat production from these-curves, for the heat production 
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lags behind the excitation, and the. curves connect heat production 
with duration of excitation. To assume that the curves given in Figs. 
5 and 6 are the same as curves connecting total heat set free with time 
measured from the beginning of tetanus, is to assume that every 
element of heat is given out immediately after the element of ex- 
citation that caused its liberation: which is not true (Part I). It is 
necessary to point out this error as it is a very natural one. Only very 
general statements may, as yet, be made as to the rate of evolution of 
heat in tetanus. 5 
There are other somewhat curious phenomena observed in con- 


nexion with the heat produced during tetanus. These are given in 


the next Table. 


TABLE XII. 


xx. i Variation of stimulus. Duration of tetanus 0°8 sec: : 
Coil at, in om. ... „%% 


Heat produced per unit tension 665 865 6˙7 67 


Exps. ii. Effects of previous use upon the heat set free per unit of tension exerted. 
Tetanus of 1 sec. In each experiment (a, ö, e, d, e) the observations were made in order 
of time, at intervals of a few minutes. 


(a) Heat per unit tension 47 4˙5 41 4°05 . 3°95 
Heat per unit tension 89 84 80 
(c) Heat per unit tension 4-32 4-16 3-9 8°65 1 3˙8 
(d) Heat per unit tension % gf UO 
(e) Heat per unit tension 8˙85 800 8 8˙⁰ 7°95 


2 Here several stimuli were given to the muscle, but unrecorded. 


Exp. iii. Effects of temperature upon the heat per unit tension. The following 
observations were taken at intervals of about 25 minutes. | 

(a) Coil 10. Temperature 12°7° C. 0°88 sec. tetanus, H/T =2-26. 0-5 sec. tetanus, 
H/T=262. 0-7 sec. tetanus, H/T'=8-22. 
10. Temperature 4°0° C. 0-7 sed. tetanus, T 2-4. 1-0 sec; tetanus, 
urea 10. Temperature 1:5°C. 0°7 sec. tetanus, H/T'=2-08. 1-0 sec. tetanus, 
(4) Coil10. Temp.=02°C. 1 60. tetanus, H/T=2:54. 
Coil 85. Temp.=-1-0°C. 1 sec. tetanus, H/T=2°68. 
(J Coil Temp.=-24°C. 1 sec. tetanus, H/T=2-07. 
(g) Coil 85. Temp. C. 1 sec. tetanus, H/T = 2-34. 


From Table XII we see: 


h That the heat per unit tension, in a tetanus of given duration, 
is much less when the stimulus is less. It requires, proportionally, | 


a far less expenditure of energy to keep up a tension of 10 gr. than 
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one of 50 gr. A muscle is working much more efficiently when 
exerting a small tension than when exerting a large tension. A muscle 
exerting a constant tension of 40 gr. may be using not merely twice 
the energy of a muscle exerting a force of 20 gr., but five or six times 
the amount. 

(ii) A tension of given duration can be kept up by a muscle with 
a less expenditure of energy when the muscle has been subjected to 
previous stimulations. A fresh muscle works less efficiently in keeping 
up a tension than one which has been exercised already. As the 
stimulations are continued the ratio H/T becomes almost constant, and 
it is then that the observations given above (Table XI) have been 
made. Thus, when a muscle is fresh, moderate amounts of exercise 
make it work more economically’ in keeping up a given tension: but 
further exercise then has little effect. 

(iii) A fall of temperature decreases the value of H/T: ie. a given 
tension is kept up more economically at a low temperature than at a 


"high, 


[(ii) and (iii) are probably due to the following cause. At low temperatures, and after 
moderate degrees of exercise, single twitches become more prolonged : it is easier therefore 
to secure summation at low temperatures and after exercise. This may explain the 
smaller amount of heat produced per unit tension under these conditions ; * 
is produced easier probably less heat will be required for it.) 


Summary of Part Ul. 


It has been found possible to determine experimentally the relation 


between t, the duration of a tetanus, and H, the total heat set free in 
it. It has been shown that in a prolonged tetanus, the tetanus for the 
first y sec. produces far more heat than the tetanus for the second 
7s sec., which again produces far more heat than the tetanus Yor the 
third 1 sec.: and so on. Finally however, as the tetanus goes on, the 
heat produced by each md sec. of it becomes the same. Expressed 


| mathematically, 4 = starts at a high value, but falls rapidly until it 


reaches a constant gO | 

It has been shown in addition that the muscle works more economi- . 
cally in proportion to the tension it exerts, when it exerts a low 
tension than when it exerts a high. Further, that a fresh muscle 
works more economically in exerting a tension when it has received a 


1 Exercise may reduce the heat required to keep up unit tension as much as 25 %. 
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moderate amount of stimulation: and that muscles exert a tension 
more economically at low temperatures than at high. 


It will be the duty of further investigation to determine the ‘bearing a 


of these results’ e conceptions of the muscular machine. 


Part IV. THE MECHANICAL EFFICIENCY OF A MUSCLE TWITCH. — 


It has been shown, by Fick’ and others, that after excitation a 
muscle which is not allowed to contract undergoes a sudden change of 
tension, as seen graphically in Fig. 7. The curves of tension may be 
compared with the curves of contraction. shown in the same figure. 
Thus, after ‘excitation, a muscle changes its elastic constants: in 


Fig. 7. No. 1. Ourves of tension. No. 2, Curves of contraction. 


particular its natural length” diminishes, and consequently its tension 
is increased. This change of natural length has been brought about 
by some complex process in the fibres, but whatever be the nature 
of that process the facts are plain and obvious enough. 

Before stimulation h musele was at tension T.: after stimulation its 
tension is [T. T T], where T varies with the time according to the 
curves of Fig. 6. This increase of tension T is the sign of two things, 
@s a decrease of the “natural length, and (ii) a change of the elastic 


' See Biedermann, Electro-physiology, p. 89, Fig. 42. 


Th 


— = 
4 
ang 
4 
* 
i 
* 
| 
4 | 
| 
4 
12 
N. 
| 
* a * 
* 
7 
4 
4 
8 
* 
J 
2 | 
a | 
¥ | 
5 
4 
* 
2 
. 
| 
2 
. 
* 
“4 
| 
* 
P. 
‘ 
| 
| 
| 
2 
2 
Ww 
7 
~ 
. 2 
* 
f 


HEAT PRODUCTION IN MUSCLE. 5 


coefficient. Both of these changes last, in a single twitch, only a very 
short time. The objects of this Part of the paper are: 

(i) to give experiments determining as exactly as possible the 
variations of the mechanical efficiency under variation of stimulus and 
load ; 

“ay to show that these variations can be deduced in general from 
the results of Part II, and elementary — principles. 


(i) Eaperimental observations of the mechanical efficiency. 

In the Tables given below are shown experiments dealing with the 
relation between the work () done in a muscle twitch, and the heat 
produced (H). The mechanical efficiency, W/H, changes when we 
change the load or stimulus. The relation between W/H and the load 
lifted, or between W/H and the stimulus, has been investigated as 
accurately as possible with my instrument. The lower end of the 
muscle, instead of being attached to the tension lever, was tied to a 
light lever which measured the height of contraction. Near the axis 
of this lever was hung the load. Thus the momentum of the load did 
not come in, and the muscle contracted always against the same 
tension. In some experiments the load was “supported” before the 
contraction occurred: in others it was “unsupported,” i.. the tension 
on the muscle was the same both before and during contraction. 
There is a considerable differenee between the results of the two 
cases. The weight lifted always fell again when the twitch was over: 
hence the work done reappeared chiefly in the muscle as heat. Thus 
H represents very nearly the total energy degraded, and W/H i is the 
mechanical efficiency in the W sense. 


TABLE XIII. Variation of load: constant stimulus. 
A. Load unsupported before contraction, i.e. muscle under initial tension equal 
to that of the load. 


Bur. i Semi-membr. muscle, attached to unsupported lever. 8 
slightly stretched, 3 om. Weight of muscle 0°25 gr. Maximum contraction of muscle 


Tension of load o 148 499 7.16 22 
34 36 87 

Height of contraction 1 42 88 88 28 17 12 
Effciency=W/H 0 24 49 6˙4 74 


PH. XLII. 3 
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34 
Exp. ii, Observations, taken in order. | | 5 
Tension of load V 40 50 60 
7 9 1:18 1°27 1/27 1°37 
Exp. iii. | 
Tension of load 0 10 20 80 40 50 60 so 
Efficiency = /H o 258 885 4 461 4°89 
Tensionoflod 100 120 140 160 180 200 220 240 
Efficiency=W/H 520 5°56 578 561 549 476 4°52 418 
0 4 00 100 120 00 80 19: 00 
Efficiency=W/H 0 278 401 4:25 427 858 882 408 3°68 3°96 8-27 
These results are shown in Fig. 8. 


—sTension of load. 
Fig. 8. Efficiency of unsupported muscle, with varying load. 3 


independent of the load to be lifted. 


Exe. v. Muscle under constant tension of 8 gr. wt. before contraction began; the 


Tension during contraction 


due to fatigue. 


0 2 80 1% 160 20 60 100 140 
Height of contraction .. 7 84 17 9 2 30 19 10 2 
Efficiency = /H 0 28 82 24 € 419 #28 28 1 
Tension duringcontraction 100 60 40 20 40 60 90 120 
. 45 8 88 88 875 89 495 43 
Height of contraction ... 10 18 22 239 21 17 11 2 
Efficiency = /H . 28 28 28 18 28 26 28 3866 


The tensions were changed about irregularly, 20 that one might be sure that any effect 
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| Tensionduringcontraction’ 0 80 50 70 90 110 180 150 170 
| eien ! ... 0 40 54 56 62 68 56 85 11 
| Exp. vii. 
Tension during oontractn. 0 20 30 60 80 100 120 140 160 140 120 
Efficiency = W/H . 0 87 58 70 76 69 57 51 89 58 58 
Tension duringcontractn. 100 80 60 40 20 40 60 20 40 60 80 
Efficiency = NH . 62 62 67 42 29 42 583 28 88 44 42 


In Exp. vii the efficiency is noticeably falling off under fatigue. 
Exps. v, vi, and vii are shown in Fig. 9. 


—> Tension €xerled by load 
Fig. 9. Efficiency of supported muscle, with varying load. 


TABLE XIV. Efficiency under variation of stimulus. 


The total heat set free by a stimulus is a better measure of the strength of the stimulus 
than is the position of the secondary coil. I have therefore given in the first row the value 
of H, the variations of which have been produced by variation of stimulus. 

A. Unsupported muscles: constant tension. 3 

Expr. i. 10 gr. wt. tension. 


.Efficiency=W/H 55 475 42 56 40 486 57 86 5% 
0 25 24 36 47 57 59 
Efficiency = W/H 61 60 88 
Exp. iii. 
1 90 78 40 
Efficiency = W/H 5 6˙· 
Exe. iv. H °F 16 50 80 111 


Efficiony=W/H 9 69 S54 
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96 A. V. HILL. 


11 35 43 
Efficiency = W/H 16°5 6˙1 5 95 
Exps. i to v are shown in Fig. 10. 


3 Fig. 10. Efficiency of unsupported muscle, with varying stimulus. : 3 1 
(Z, the total heat produced, is plotted as the abscissa, being the best measure of 3 


Supported muscles. 

vi. 15 gt. wh: 10 gr. of this was supported hefore contraction 
commenced. 
8 ‘ie 6 9°5 13 14 20 24 27°5 5 
Efficiency = W/H 0 17 2°15 2°14 185 175 16 x 

Exp. vii. Tension of load 22 gr. wt.: 10 gr. of this was supported before contraction. * 
11 17 21 22 27 31 
Efficiency=W/H 17 „ 2°2 2°4 2˙3 2°3 2°2 

Exps. vi and vii are shown in Fig. 11. 


From Tables XIII and art we may conclude : 
(i) In an “unsupported” muscle the efficiency i increases as ae 
tension of the load increases, it reaches a maximum value, and at i“ 


tensions of the load shows a tendency to fall again. 4 
(ii) In a “supported” muscle the efficiency increases as the 3 
tension of the load increases, reaches a maximum, and then falls again a 
to zero. 
(iii) In an “ unsupported ” muscle the efficiency e always 
as the stimulus is increased. 8 
(iv) In a “supported” muscle the efficiency rises from zero, 
reaches a maximum, and then falls again, as the stimulus is increased. 
Figs. 8, 9, 10, 11 are the * representations of these con- 1 
clusions. 
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ü) Mathematical consideration of the results. 

The basis of this treatment is the assumption that the results of 
Part II of this paper can be applied to other than isometric twitches. 
We have shown that 7/H is constant whatever the stimulus or tension 
in a muscle not allowed to contract. Thus a certain amount of heat 
energy must be evolved in order to set up d certain new elastic state in 
the muscle. Let us assume that this new elastic state, and not the 
tension itself, is really the fundamental quantity. Then we may 
suppose that the same new elastic state is set up by the same heat 
production whether the muscle be allowed to contract or not. When a 
muscle is excited a certain amount of energy, H, has to be used to 


Fig. 11. Efficiency of supported muscle, with varying stimulus. 
(H, the total ths being the best o 
the strength of the stimulus. ) 


change the natural length from “' to / and the coefficient of elasticity 
from E to E. Let us assume that this is the case whether the new 
elastic body contracts, or not. In doing so we are advaucing a 
hypothesis which can be tested only by its results: and the results in 
this case can be shown to be in accordance with facts. Whether the 
hypothesis be completely true, or not, the factors introduced must be 

of importance in determining variations of efficiency, and we see that, 
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to some degree at any rate, the mechanical. efficiency i is aoe by 
purely external conditions. | 

Let J be the “natural length of a muscle which it strives to attain 
curing the activity of a single twitch. 

Let E be the coedicient ot elasticity of the muscle during the active | 


Let y be the initial length of the muscle before excitation. | 

Let & be the length of the muscle at the moment when the 
maximum height of contraction has been reached. 

Let 7, be the tension against which the muscle contracts: W the 
work done: H the heat set free: T the maximum increase of tension, 
in the sense-used in Part II. 

I propose to consider here only the case of the supported muscle, 
for variation of load or stimulus. The unsupported muscle can be 
treated in the same way, but owing to a certain complication’ the 
algebra is long and uninteresting. 


(a) Supported muscle: variation of load. 
Here y, the resting natural length, is constant. We have, for the 
maximum height of contraction under tension T., the equation 
T,= Hl. 
Hence the height of contraction, y 4, is 


W= 7. {(y- — EJ. 
Now, by Part II, 7/H is constant. 
Hence H = CT, where C is some constant. 
But 7 is the maximum tension that would have — 5 set up at 
length 3, if the muscle had been excited isometrically. 
H=CT=CE 
Hanes the 
I. 1. (5 — 
H CEO 
8 

body. The extension is in no wise proportional to the 8 This i deme 
the presence of connective tissue in the muscle; at high extensions due to heavy loads 


of the argument. 


and the work done, 
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This expression contains only one variable, viz. T, the tension of 
the load: if it be plotted graphically with respect to 7, we obtain a 
parabola as in Fig. 12. There is an exact correspondence between this 
parabola and the curves given in Fig. 9 for the relation between 
and load. 


by load. 
Fig. 12. Calouinted oliclenay of supported e ‘varying load. Ot. Fig. 9. 


(6) Supported muscle: of stimulus. 


One point must be noticed. Varying the stimulus varies simply 
the number of fibres contracting, and not the strength of contraction of 
each fibre. The natural length during activity is the same however 
many fibres are excited, being the active natural length of each fibre. 
Thus £, the coefficient of elasticity of the whole active muscle, is 
proportional to the number of fibres excited. Hence E is proportional 
to H, the total heat set free: for the total heat liberated is proportional 
to the number of fibres working. Let us put E= AH. 

We must remember that unless the stimulation is greater shen a 
certain limit the weight will never be lifted from the support. Hence 
W/H may be zero, for it cannot be negative. We have from (a) above 


. 
putting E= pH. 


ie 
me 
* 
» 

5 

an 

F 

7 

2 

> 

2 

2 

2 

— 

2 

* 

9 om 

2 

‘2 

* iz 

* 

2 

* 

5 

5 

a 

— 

. 

* 

* 

> 

J. 

i 

% 

2 

— 

{ 

a * 

— 

4 

* 

a 

N. 

— 8 

7 ‘ 

45 


40 A 


This contains one variable H, which is varied by varying the 
stimulus. It may be plotted with respect to H, and we obtain a curve 
as in Fig. 13. There is an exact correspondence between this curve 
and the curves given in Fig. 11 for the relation between efficiency and 
stimulus. 


— 


Fig. 13. Calculated efficiency of supported muscle : 3 Of. Fig. 11. 


We see therefore that there is an exact correspondence between 
theory and fact. Assuming the results of Part II we can deduce the 
changes of efficiency from the laws of elementary mechanics. 


Summary of Part IV. 


Experiments are given to show, as accurately as possible, the changes 
of the mechanical efficiency with variation of stimulus and load. It is 
assumed, in the mathematical portion, that the results of Part II can 
be applied to muscles which are allowed to contract, as well as those 
which are not. We suppose that a certain definite degradation of 
energy is necessary in an active muscle, in order that the muscle fibres 
may assume a new elastic condition, viz. a new decreased natural length 
and a new coefficient of elasticity. With this assumption it is possible 


to deduce the changes of the mechanical efficiency from the laws of 
mechanics. 
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It is thus seen that the mechanical efficiency is of no great importance 
in our investigations into the nature of the muscular machine. It 
depends upon three factors : ä 

(i) the amount of potential energy (due to e existing in 
the muscle before excitation occurs, 

(ii) the ratio 7/H, 

(iii) the conditions of loading. 

_ Further it is a variable quantity, and 3 of much less 
value than 7/H, which is constant under all variations of the external 
conditions. The mechanical efficiency, though at first sight the obvious 
factor to investigate, turns out to be of no theoretical importance. 
What we need to investigate if we are to probe deeper into the thermo- 
dynamical mysteries of the muscle is not the mechanical efficiency 
/H, but the ratio 7/ H, or — better still—the ratio existing between 


the potential energy liberated as increased tension in the muscle, and 


the total energy degraded. Now that proof has been afforded it seems 
obvious to a student of thermodynamics that such should be the case. 
The potential energy of increased tension is the work factor existing 


on the one hand: on the other hand we have the heat energy. It is 


indeed difficult to realise all the potential energy of increased tension 
as work, without loss, or without obtaining some work as well from the 
stretched state existing before excitation: but this makes no difference 
to our point of view. The true efficiency of the 3 is not 1888 
but the ratio 


„ energy thrown into an active muscle by excitation 
| ~total chemical energy liberated as heat 


To this factor future work must be applied. The muscular machine is 
concerned wrth the transformations of chemical energy into the potential 

energy of increased tension: the conditions of loading determine the 
el of actual work accomplished, and therewith the ä 
efficiency. 


GENERAL SUMMARY. 


A summary of the effects observed in each Part of this paper is 
given after that Part. Here we shall consider shortly the bearing of 
these results upon our conception of the nature of the muscular 
machine. 

In Part II it has been shown that, in a muscle twitch, the increase 
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E proportional to the rise of temperature. Now the rise of 


temperature must have been caused by some chemical reaction, of the 


type 
44 ABO + Beat. 
Hence we may conclude that the increase of tension is proportional 
to the extent of this chemical reaction. Now the tension may have 
been set up by one of two things: either 


(a) by the heat itself (ef. Engelmann’s theory of contraction): or, 


(b) by the presence of some chemical bodies, liberated, broken off 
from a combined or adsorbed state, thrown into solution, by the 
stimulus, 

If case (a) weré the true condition of things, we should expect that 
the tension set up would be proportional to the amount of heat set 
free. If case (b) were the truth, we should look for a proportion between 
the tension set up, and the concentration of the chemical bodies setting 
it up. But the heat set free in a chemical reaction is proportional to 
the extent of that reaction: the heat liberated in an oxidation is 
proportional to the amount of substance oxidised. Hence in either 
case we should expect to obtain a constant ratio 7/H: thus Part II 
does not enable us to decide between these rival theories. Let us turn 


therefore to Part I, which shows us that under certain conditions the 
heat production may tal place long after the contraction is over. 
These experiments, if there be no unforeseen error in them, show con- 


clusively that the heat does not set up the tension: the muscle is not 
a heat engine: for the heat may not have appeared until long after 
the tension. has risen and fallen again. Hence we must conclude that 
the heat is set up by the presence of certain chemical bodies, which 
affect the colloidal tissues of the muscle in such a way as to set up a 
tension. On excitation therefore some substance A is liberated, which 
sets up a tension pfoportional to its concentration. A is then destroyed, 
or replaced in its a * with an evolution of heat proportional 
to its amount. 

Let us turn now to the action of oxygen: as is shown in Part I 
the presence of O, diminishes the duration of the reaction which gives 
out the heat, 

| A+B+C—» ABC + Heat. 


Hence we should expect O, to be one of. the bodies 8 in 


the reaction: for in that case the velocity would be, among other things, 


proportional to the concentration of free O, in the tissue. Thus, by 


increasing the O, tension in the tissue an atmosphere of O, would 
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decrease, and similarly an atmosphere of H, would N the 


duration of the heat production. In this connexion the experi- 
ments of Fletcher and Hopkins! on the oxidative removal of 
lactic acid are very suggestive. They found that the presence of O, 
removed lactic acid, and presumably replaced it in its former position 
in the tissues. Possibly O, treats other products of activity in the 


same way. On stimulation therefore certain molecules are thrown into 
solution, which before stimulation were lightly connected in some 


physical or chemical way with other bodies, so as to be inactive. The 
presence of these chemical molecules sets up a tension, possibly at 
certain colloidal membranes in the fibre: the tension falls off again, 


- owing to the diffusion of these chemical molecules into the general free 


space of the fibre, away from the sensitive membranes: the molecules 
are then oxidised, or replaced in their original positions, under the 
action of O,, with an evolution of heat proportional to the puiount of 
those bodies present. 

It is easy to explain the action of temperature upon the ratio 7/H 
by some such scheme as this: the active chemical bodies have more 
effect upon the sensitive membranes at high temperature than at low, 
and hence 7/H is greater and rises: more rapidly: but they diffuse aney a 
faster, and hence the tension falls more sharply. 

According to this conception, based upon these experiments, and 
sketched above, there are three stages in the process of muscular 
contraction: 

() the liberation of certain molecules following an excitation : 
(ii) the action of these molecules, on certain local structures, in 


producing a longitudinal tension: 


(iii) the removal, or replacement, of these . 

Each of these three stages can be investigated with regard to a 
variety of factors: such factors are the presence or absence of salts, 
drugs, oxygen, the onset of fatigue, and variations of temperature 
acting upon the ratio T/H. A preliminary sketch of the methods 
available has been given in this paper: a complete investigation of 
these facts will give us more real insight into the nature of the muscular 


machine, and therewith of all living tissues, than any theories of con- 


traction ever founded by ingenious minds upon insufficient knowledge. 


The expenses of this research have been borne in large part by a grant from the Boyal 


Society. 


This Journal, xxv. pp. 296, eto. 1907. 
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THE EFFECT OF ALTITUDE ON THE DISSOCIATION 
CURVE OF BLOOD. Br JOSEPH BARCROFT. 


(From the Physiological Laboratory, Cambridge. 


Introductory. Recent d) observations d upon the dissociation curve of 
_ hemoglobin have led to the conclusion that the form of the curve is 
dependent in a greater or lese degree upon the chemical composition of 
the fluid in which the hemoglobin is dissolved. In the light of this 
fact, it seems by no means improbable that in the process of evolution 
some mechanism might have been produced by which the physical 
condition of hemoglobin should become altered so as to enable the 
respiratory process to adapt itself to various unusual conditions. One 
such adaptation that to rise of body temperature has been discussed 
to some extent in the pages of this journal and also by Loewy and 
Caspari o. The advantage of some similar mechanism to meet the 
diminution of atmospheric pressure at high altitudes seemed so obvious 
that I determined to avail myself of the opportunity offered by an 
invitation from Professor Zuntz to become a member of the Special 
Commission for the Study of the Biochemical effects of High Climates 
and Solar Radiation which was sent to carry out researches in the — 
Island of Teneriffe by the International Antituberculosis Commission. 
The investigations which will be recounted were carried out 
principally at three experimental stations: (1) Orotava, which may be 
taken as sea level, (2) the Observatory in the Cafiadas which is at an 
altitude of 7000 feet or thereabouts, and (3) in the Alta Vista hut 
situated roughly 11,000 feet above the sea level and some 1500 feet 
below the summit of the Peak. In addition to the investigations made 
upon the Island some preliminary ones were made in England before the 
expedition started and some have been made since its return. 5 
= respiration of four persons, all in normal health, have been 
studied. 


The cases are alluded to by their initials in conformity with the 
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papers already published by Douglas . Of the four, C. G. D. has 
been studied much the most completely. In general therefore I shall 
give the results which have been yielded by his blood, supplementing 
them by confirmatory evidence obtained from the others. 

Method. The estimations have almost entirely consisted of the 
determination of dissociation curves and have therefore resolved them- 
selves into blood-gas estimations and analyses of the gas contained in 
the tonometers. The method of making these determinations on small 
quantities of blood has already been described d, The blood, to the 
extent of about 2 c.c., has usually been taken from the finger; on that 
quantity the whole dissociation curve has been determined. Occasionally 
it has been taken from a vein in the arm, by venesection or by the insertion 
of a cannula. The blood has been shed into a clean vessel, defibrinated 
by whipping with a clean feather, and guarded against the possibility 
of evaporation causing increased concentration of salts. The deter- 
mination of six points has been regarded as sufficient for the delineation 
of a curve, 

Equipment. To safeguard ourselves against contingencies we 
brought seven blood-gas apparatus and two spare tonometers. The 
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apparatus was arranged so as to be easily 5 and readily packed 
and unpacked without risk of breakage. Fig. 1 shows the arrangement 
adopted, improved in a few trifling respects as the result of experience. 
Six of the seven blood-gas apparatus are ranged in racks along the 
back of the box, the seventh, not shown in the figure, can be made to 
stand on the right-hand side. Beside each apparatus stand its bottles. 
On the left side of the box is a bracket’ which holds a “ phosphorus 
Pipette for the purpose of manufacturing nitrogen from atmospheric 
air, On the floor of the box there is a wooden stand which holds a 
mercury trough. To the left, under the phosphorus pipette, is a place 
for two gaskets of compressed gas. The gaskets, a couple of which 
are seen endwise and one lying in front of the mercury trough, 
proved most satisfactory for carrying small quantities of compressed gas; 
those supplied to us by the “Gasket Aerators Limited,” held 4 a cubic 
foot (about 700 ¢.c.) of gas. One of these sufficed for all the carbonic 
acid used in Teneriffe for 25 dissociation curves. 

The tonometers fitted on to a shelf which is shown in the figure lying 
in front of the box. It slides into a pair of grooves near the top of the 
box. 

On the lid, the inside of hick 3 is painted white, is placed a Haldane’s 
_ gas-analysis apparatus, shown in the figure, and there is room for a 
pipette (not shown) for the delivery of known quantities of gas into 
the tonometer. The whole is but little larger than a microscope case. 
With the above outfit it is assumed that the points on the curve are not 
determined in duplicate, in which case no washing up need be under- 
taken during the determination of one curve. If, however, another 
worker were available it would be well to reduplicate the whole 
equipment. One set of apparatus could then be washed whilst the 
other was being used, and the points could if necessary be done in 
duplicate. 

Most of the determinations which were made after returning from 
Teneriffe (especially those made at Berlin, where I had the great 
advantage of the personal assistance of Prof. Franz Miiller) were made 
in duplicate. 

Mercury we conveyed in a rubber bag such as is contained i in a 
football ; this was enclosed in a leathern bag. The neck of the rubber 
bag should be stopped up by a piece of glass rod and bound. The glass 
rod must have no sharp edge and the binding should be of string, not 

The bath used for maintaining the tonometer at 38° has been 
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described ; a Primus paraffin ‘stove was used for heating it. We 
might with advantage have taken two of these. An ordinary cylin- 
drical pail was used as a water bath for the blood-gas apparatus. 

It may here be mentioned that some days were lost owing’ to an 
impurity in the compressed nitrogen with which we were provided. 
The gas contained traces of carbonic monoxide. 

It was too small in amount to admit of estimation, but its presence 
showed itself by its effect on the dissociation curve of blood. The 
following saturations were observed in the case of one person whose 
normal dissociation curve is shown on Fig. 2. 


Tension of oxygen in mm. 76 61 42 25 10 
Observed saturation of blood exposed to 
nitrogen supplied sin 10 92 84 79 54 25 % 
True saturation 
posed to nitrogen free of C % 91 85 7125 40 7%, 


The divergence of these points from the curve is at the higher 


tension inappreciable, but as the oxygen tension gets less, so the CO 


has a more and more obvious effect in replacing oxygen. Such blood 
delivered into distilled water and much diluted showed the colour of 
the CO hemoglobin. Similar results were obtained with the blood of 
others. 

Thereafter I used atmospheric air for the preparation of our 
nitrogen. The oxygen was absorbed in a “ phosphorus pipette” for 
which I was indebted to the kindness of Professor Durig. 


DIFFERENCES IN THE DISSOCIATION CuRVE OF DIFFERENT INDI- 
VIDUALS, AND OF THE SAME INDIVIDUAL AT DIFFERENT TIMES. 


The information upon the above points is of the scantiest character. 
Loewy studied the dissociation curve of a number of different persons 
and found great individual differences. Then, however, the importance 
of making the comparison at a constant CO, tension had not been 
demonstrated, yet even when Loewy’s results had been adjusted so far 
as was possible they did not coincide with one another. 7 

Points obtained from my own blood at 36˙ C. œ fell very close to the 
line which had previously been obtained from that of Camis; _ fell 
just to the right of this line however. | 

My first object therefore was to get the most exact 8 
possible about the dissociation curves of C. G. D. and J. B. They were 
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both determined in Cambridge. The standard CO, tension was taken 
as being 40—41 mm. of mercury. 5 

Fig. 2 shows the actual determinations which were . made in the 3 
case of C. G. D., determined (1) before going to Teneriffe, (2) at Orotava 3 
before any ascent was made, (3) after the return of the party in May, 1 
and in November. In the last two cases the blood was taken in 


Oxford?, posted, or sent by train, to Cambridge and the curve investigated 1 
the day after the operation. 
0 
* 
30 | 
10 
' 1 4 50 60 70 100 
Fig Fig. 8. 


Fig. 2. 0 In England before starting. © At Orotava. O After return in England in 


May. (© Ditto in November. Percentage saturation of blood with oxygen plotted 
vertically. Oxygen pressure in mm. of mercury plotted horizontally. 
Fig. 3. © Blood of N. Z. GS Blood of A.D. 


It is clear that no appreciable change appears in the sets of points. 
ES It is therefore probable that the curve as drawn in Fig. 2 is ap- 


proximately correct for C.G.D.’s blood under normal conditions at or 
near the sea level in this country or abroad, in spring or in autumn. 


1 Throughout the paper when a locality is assigned to a sample of blood it signifies the 
place where the blood was withdrawn from the patient. 
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Similar investigations were performed upon the blood of J. B. which 
has now been under observation for almost a year. The results are 
shown in Fig. 4. In addition to these I am indebted to Mr H. L. 
‘Higgins for the following analyses at 40 mm. CO, pressure, 2 (00 36, 
S=71+695%,. T 50, 8 %, The bears out what 
been observed in G. D. 


„„ 
115 Fig. 6. | 


Fig. 4. Notation as in Fig. 2. 


Fig. 5. Cafiadas CO,=40 mm. @ Alta Vista 0O,=41 mm, X Ditto oon -n mm: 


] A comparison of the curves in Figs. 2 and 4 will show that whilst 
each is proper to the individual the two are not the same, that in 
Fig. 4 showing a greater degree of saturation at a given: pressure than 
that shown in Fig 2: this will have to be discussed i in detail later, here 
it need only be noted. 

At Orotava the curves of N. Z. and A.D. were investigated at the 
— tension of CO, (40—41 mm.). 

The results obtained are shown in Fig. 3 in which the line is that 
* shown as being G. D. 8 dissociation curve (Fig. 2). The 
blood of these two subjects agrees very sa with that of C. G. D. 
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flatter. It would: be difficult ‘however to base much: on £0 slight a 
variation. 


It may be taken then that the blood of three 3 the party | 
gives dissociation curves which are almost if not quite superposable, 


whilst that of the fourth (J. B.) is appreciably steeper. Such 3 
difference interpreted on the lines of Barcroft and Camis’ work 
would indicate that J. B.’s blood was more alkaline than that of the 
other three. 

Some six months after the return of the expedition further controls 
were carried out on the blood of N. Z. At 41 mm. CO, tension it gave 
the following data which may be compared with those shown in the 


figure. 
0 1° 
41 mm. $7 mm. 


For the above determinations the blood was withdrawn by a 


cannula (ef. Method, supra) and a portion was placed in a tube. This 
tube was packed at Berlin in a Dewar’s flask containing ice on October 7; 
the flask was opened in Cambridge on October 11, it still contained 
some ice, fresh ice was put in and the determinations were made on 
October 12. Control determinations were made at 27 mm. CO, 
pressure on October 7 and 12 respectively and it was found that the 


blood had not altered on the journey. It is further shown in Fig. 8 


_ that some of N. Zis blood, also withdrawn as the result of an aseptic 


operation and posted | to Cambridge, gave the same dissociation curve at 


34—35 mm. CO, tension as. did his blood three months afterwards. when 
tested at that CO, pressure on withdrawal from the body. There was 
no evidence of change therefore in the blood of N. Z. from time to time 
at the sea level. 

When Bareroft and Camis published their curve for human blood 
at 40 mm. CO, pressure, the form of the lowest portion of the curve, 
that below 20 mm. pressure, was left somewhat of an open question. 
Three determinations in this region were made as follows : 

The maximum saturations ‘consistent. with their admitted ex- 
perimental error were 4% and 2% at 7 and 4 mm. respectively. The 
9 by which the present experiments have ä lends 
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itself much more readily to the determination of points at low oxygen. 
tensions. We therefore. collect the 80 as 
follows :: 


i “The dissociation curves of the various subjects at. such low tensions 
may probably be taken as superposable and it is clear that, even 
allowing for an error of about 3% in either direction from values given 
above for S and of 1 mm. in those for T, the curve must approach the 
base line more gradually than that figured by Barcroft and Camis. 
The following curve is at once consistent with their results and with 
those set forth above. 

8 10 15 

T 0 1 2 8 10 15 
The individual differences in the dissociation curves of different 
human beings are of course slight when compared with the difference 
between the curves of man and of the dog; but they acquire additional 
interest from the fact that the methods by which the human curves 
were determined have so far failed@ to find any difference between one 
cat and another or between one sheep and another, though it must be 
admitted that the investigations on different animals are much less 
complete than on man. This difference between man and the animals 
is scarcely a matter for surprise inasmuch as the habits and diets of 


men differ greatly. 


THE Error OF ALTITUDE. 


Although C. G. D.s blood maintained such constant properties at 
the sea level, it became clear that an appreciable alteration had taken 
place at Las Cafiadas and this alteration was augmented at Alta Vista. 
These changes are shown in Fig. 6. Of the. three continuous curves 
III is that which has already been figured for the sa level, II represents 
the dissociation curve at 41 mm. CO, tension at 7000 feet, I represents 
C. G. Dos blood at 41 mm. tension &t 11,000 feet and corresponds to the 

mean of the encircled crosses. 
Ihe depression of the curve at 7000 feet and still more at. 11 000, 
feet suggests diminished alkalinity of the blood un. 
4—2 
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have been determined with the blood exposed to a standard pressure of 


40—41 mm. of CO, It must now be noted that whilst this: tension 


represented faithfully the physiological condition at the sea leyel, it 


did not do so in C. G. D.’s case at the higher altitudes. At 7000 feet 
his alveolar tension of CO, was approximately 36 mm. whilst at 
10,000 feet it may be taken as 33 mm.! To find out the actual 


dissociation curve of his blood at either altitude, the determinations - 


should be made at these tensions. Such determinations were — 


9 30 40 % 0 6% 80 


‘YM 2 | 2 
: LAL 
7 7 57 


— 
— 


40 50 60 70 


Fig. 6. Fig. 7. 

Fig. 6. Dissociation Curves (I—III) of ©.G.D.’s blood exposed to 40—41 mm. 00, 
pressure: III at sea level, II at 7000 feet O, I at 11,000 feet G. © Blood taken at 
7000 feet exposed to 86 mm. CO,, X at 11,000 exposed to 38 mm. CO,, O at sea level 

exposed to 84 mm. CO,. 

Fig. 7. Lines as in Fig. 6. C. d. D.’s blood at Oxford. © + late acid, © +000 
0°04 %, and J. 


1. 


1 References to Mr Douglas's paper will how slight variations from the above figures 


at each altitude. 


at which the blood was drawn. 
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and are also shown in Fig. 6. The blood withdrawn after a residence of 
four days at Alta Vista, was brought down to Las Cafiadas for analysis, 

The result shows that whilst C. G. D.’s blood changed from altitude 
to altitude his dissociation curve remained constant, the diminution 


in carbonie acid being compensated by an increase of some other acid, 


perhaps lactic, in the blood. 
A control of the change in the blood of C. G. D. will be found in the 


_ dotted curve on Fig. 6. This curve was obtained in England at 
34 mm. tension of CO,. Four of the points were determined at Oxford 
whilst the other two, those at 49 mm. and 21 mm. respectively, were 


determined a short time later at Cambridge. They are therefore at 
approximately the same tension of CO, as the points determined for 
his blood drawn at the Alta Vista, exposed to the local tension and 


represented by the crosses in Fig. 6. 


The changes which took place in the blood of N. Z. were of the 
same general nature. The investigation of them was rendered some- 
what more complicated by the fact that we did not at first appreciate 
the difference between his normal alveolar carbonic acid tension and 
that of most other people whose tension has been measured by the 
method of Haldane and Priestley o. 

We would therefore recall the statement that observations made 
at Berlin and at Orotava at 40—41 mm. tension show that his blood 
at the two places was the same as regards its power of uniting with 
oxygen. We shall then proceed to show that his blood at 27 mm. 
CO, tension at Alta Vista, at 29 mm. CO, tension at Las Cafiadas and 


35 mm. CO, tension at Berlin had the same dissociation curve. These 


tensions were in each case the tension of his alveolar air measured at 
the time of taking the blood. 
In Fig. 8 there are four sets of points marked 8 circles, they 


| represent (1) the Berlin points, (2) the Cafiadas points, (3) the Alta 


Vista points, (4) points taken from a sample of blood which was col- 


lected with. aseptic precautions in Berlin and posted to. Cambridge 
in July; it reached Cambridge the evening after it was withdrawn 


(i.e. after about 36 hours) and was put in ice. The estimations were 
made on the third day at 35 mm. CO, tension. A portion of the blood 
was kept till the sixth day at the laboratory temperature, by which 
time there was no appeatance of reduction or smell indicating bac- 
terial action. The whole of these four series of points appear to lie 
on a single curve. 

At this point the question of 3 experiments must be con- 
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sidered—(1) Accepting the data which show that the Alta Vista blood 
exposed to the Alta Vista 00, tension appears to have the same 
dissociation curve as the Berlin blood exposed to the Berlin CO, 
alveolar tension,.can it be shown that the Berlin blood exposed to 
the Alta Vista CO, tension lies upon a different curve? It can, in the 
most unequivocal way. Two points were determined, each in duplicate 


at’ Berlin, with a CO, tension of 27mm. They appear as encircled 
points in Fig. 


error. 
ao 12 
: 
11 


b 8. ‘Dissociation Curve of N. Z. at Berlin with alveolar CO, tension of 35 mm. 
4 Blood drawn in Berlin and examined at 85 mm. CO, tension in Cambridge. 


Les Cafiadas at 29 mm. CO, tension. * Alta Vista 27 mm. CO, tension. er 
N mm, 00, tension. 


19 There is other our are 
sufficiently sensitive for the purpose in hand. We have already said 
that we started at Orotava with the assumption that N. Z.’s normal 
alveolar tension was 40—41 mm. Our suspicion was aroused on this 
subject in the following way. We had made our observations on 
Tas ad found that his carve eninoided 
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‘With: that at Qroteva. Then we turned to N. Z and found’ that his 


local curve (that shown in Fig. 8) did not coincide with what we had 
supposed to be his local curve at Orotava. This is plain by comparing 
Fig. 8 with Fig. 3.. The round . on Pig: 8 were Se 12685 
the curve of Fig. 3. 

The following table shows the position of these points with ‘the | 


corresponding satufation on Fig. 4 


TensionofO, 1 31 62 61 a 
 Aétual saturation 39 59 88 
Big. 4 30 80 84 87 | 


Or to put the in way certain of the dota 
on Fig. 3 cannot be considered to lie on the curve of Fig. 8 which 
seems to represent the local curve at Las Cafiadas. | 

Corresponding saturation in Fig. 6 95 


(3) Lastly, it seems clear that the condition of blood in the 
Alta Vista hut had demonstrably changed from what it had been at 
Orotava, i 1.6. that at a uniform CO, tension of 40—41 mm. the percentage 
saturation of oxygen was less at Alta Vista for a given oxygen tension. 
The observations made on this point are however very e as 
a with those carried out on the blood of ©. d. D. 

The — will point: 


Percent ‘astaration at Alta Vista 
10 =40—41 . 80 54 69 86 


Comparing the dat ten. om 0.0. p. and N. 2 We obtain the 
following : 

(1) That their disnociation’ curves sat sles same CO, t tension were’ 
nearly the same. : 

(2) That their normal 8 CO, 8 * hence their 
normal. dissociation. curves, were slightly different. 

(3) That some acid' radicle appeared in- the blood of both in 
ee quantities as they ascended to higher altitudes... 

- (4) That this change compensated the change in Alveclar CO, 
tension to such an extent that the actual e curve under the’ 
conditions locally established did not alter. 
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But few determinations were done on the curve of A. D. at high 
altitudes; it was clear that his blood changed similarly, but as the 
results. obtained were complicated by active exercise they may be 
fittingly withheld until this complication can be systematically studied. 
So far as they went however the observations i in A. D. ‘confirmed those 
made upon C. G. D. and N. 2 
Lastly there remains for consideration the blood of J. B The 
data obtained from it are shown in Fig. 5. The curve is that already 
shown in Fig. 4. There is therefore a difference between J. B. s blood 
and that of the others; it, when determined at Las Cafiadas, showed no 
appreciable change in properties. This fact no doubt had its counter- 
part in another difference between him and his colleagues, namely that 
his alveolar ©O, tension did not materially differ at 7000 feet or even 
at 11,000 from its value at the sea level. At Orotava it was 41 mm., 
at the Cafiadas 40 mm. and at Alta Vista 38 mm. Devious therefore 
as it was in every respect, for J. B.’s blood the final generalisation held 
as true as for that of others, namely that its dissociation curve under 
the locally established conditions remained constant. 
Having stated the facts as I observed them, there remains ‘the 
question whether any explanation can be given of the fact that J. B.’s 
curve did not accommodate itself in any way to the local conditions, 
No doubt the factor which lay at the root of the change was oxygen- 
want in those tissues which are least adequately supplied with blood. 
The fact that oxygen-want produces lactic acid in the blood is too well 
known to require discussion; it is more to the point to show that the 
changes which took place in C.G.D.’s blood at different altitudes can 
be exactly simulated by the addition of lactic acid to his blood drawn 
at the sea level, The three lines in Fig. 7 are those shown in Fig. 6 
and correspond to the dissociation curves of C. G. D.’s blood at 40—41 mm. 
CO, tension at Orotava, Las. Cafiadas and Alta Vista respectively. 
The points shown were all determined from the same sample of blood, 
drawn in Oxford, when (1) no lactic acid, (2) 0'3—0°4 / of lactic oid 7 
and (3) 07.08 / had been added. | 
As a working hypothesis we may consider that 0.4. Des blood at 
7000 feet contained 0304 % more lactic acid than at the sea level 
aud at 11,000 feet 07—-08 % excess of acid. | 
When, however, we compare the blood of C. G. D. and of J.B. in the 
matter of oxygen-want we look to see what advantage the former has 
obtained by his compensation over the latter who did not compensate.. 
To start * let us consider the degree of saturation of each blood at 
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the alveolar tension of oxygen and CO, in each place: This may best 
be seen from Fig. 9 in which the critical portions of the two dissociation: 
curves are shown on a larger scale. We must compare the saturations 
at 62 mm. on C. G. D.’s curve with that at 49 mm. O, tension in J. B.’s. 
The former saturation is 86°/,, the latter 85% These figures show 
that so far as this comparison is concerned C. G. D. in spite: of his 
compensation has little or no advantage over J. B. In this connexion 
it must be noted that had C. G. D. not compensated in any way his 
O, tension would have been 49 mm. also and his saturation 79% . Here 


q 
| 
70. 1200-4} ober 
Ax 
7 
7 
50 
Fig. 9. 


{3 then we seem at bret sight to have a clue to the reason. why J. B. did 
not compensate; at the height attained, namely 11,000 feet, on the, 
presumption: that C. G. D. had compensated to the extent which was 
physiologically satisfactory, he had only equalised his conditions to those. 
: of J. B. and therefore these latter were probably satisfactory also. 

It might be supposed from what has been said above that J. B had. 
some natural advantage at high altitudes over the other members of 
the party: quite the reverse was the case. He was, in fact, the one 
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member of the party wlio was inclined to suffer from mountain sickness 
at 11.000 feet. It never reached the stage of actual voiniting, nor was 
he troubled at all when he remained at rest, for instance as he lay 
reading: in the sun, but when he began to lead a more stremuous 


existence symptoms, chiefly cerebral, of extreme apathy, incapacity to 


think and ‘so forth at once set in. Can we arrive at my 102 of 
= symptoms from a study of the curves? 

Here we are face to face with the difficulty that the e ee 
of respiration: under conditions of oxygen - want is not one upon which 
observers are agreed. The most recent observations on the subject, of 
which indeed only a preliminary account has as yet been published by 
Haldane and Douglas, indicate that pulmonary oxygen secretion takes 
place when there is oxygen-want but not otherwise. On this theory it 
may be assumed that the oxygen secretion is a function of the oxygen- 
want and that therefore a condition in which the blood would be 


sparingly saturated would be compensated for to some extent by the 


secretory process. But the oxygen-want would only be mitigated, it 
would not be abolished, for if it were the secretory process would stop. 
On the secretory theory therefore, and of course on the physical theory, 

the disadvantage to the animal is a function of the degree to which the 
arterial blood is unsaturated. 

To get some idea of the relative positions of the two subjects we 
must therefore make some attempt to get at the degree of saturation 
in the blood. Accepting Bohr’s@ theory of the invasion coefficient as 
correct we may calculate the tension of oxygen in the surface moisture. 
According to this theory, if M be the amount of gas which goes through 


per min., f the alveolar tension, f the tension in the surface and K a 


constant involving the surface area of the lung — the invasion 


coefficient, 

According to the recent calculation of the coefficient for oxygen, 

made by Krogh, the tension in the surface is 1:08 mm. of mercury 


leas than the alveolar tension for each 100 ac. of oxygen absorbed per 
minute. 


Starting then with G G. Das alveolar tension of O, as 62 mm. and 


J. Bis as 50 mm. we arrive at the following tensions on the surface of 


the lung for different degrees of exercise ew different — 


of oxygen absorbed.» 
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Tension in surface : | „ 
J. B. 6mm, 


These tensions give us a clone approximation to the physical 
condition to which the blood of each person is exposed than does simple 
consideration of the alveolar tension; let us therefore assume (we will 
modify the assumption later) that the blood is in equilibrium with the 
tension in the surface of the lung eg see whet . we arrive at 
in the case of each person, = : 

These saturations, as read from Fig 9, are: a 


Quantity of O, per min.: 
“900 1500 1800410090. 
‘Saturation of art. blood : Jö 8 
0. G. 88 
J. B. 82˙5 79 75˙⁵ 70 64 50 is mm. 


The above figures show that, on the assumption — we bave 
made, J. B. and C. d. D. are fairly evenly situated when neither is 
absorbing much oxygen but that, as exercise is taken and greater 
quantities of oxygen are taken up, J. B. s position becomes more and 
more unsatisfactory as compared with that of his colleague. So far 
the theory agrees with the facts; but one’ would have expected that 
the disparity between the two subjects would have sppeared: with a less 
amount of oxygen taken up. 

Having made this somewhat shetant approximation let us 
how we may amend our assumption. 

(1) On the physical theory above we: obtained, the pressure in the 
surface of lung, but clearly a certain difference of préssure must be 
maintained between the surface and the blood in order to drive the 
oxygen through the epithelium of the lung and of the capillary ; ; 80 that 
if “ be as before the tension in the surface, ¢” the tension in the blood 
and M the quantity of gas going through, and K a constant involving 
the superficial area of the lung, the — of the 3 i the 
of oxygen through it, 


Here our exact information ends, for we have 3 unknown quantities 


in this equation, “ and K. But the fact remains that taking equations 
(1) and (2) together we arrive at the result that 
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where a is a constant. Now suppose for the moment that the difference 
of pressure necessary to drive a given quantity of gas through the 
epithelium i is equal to that necessary to cause it to enter the surface: 

how would our figures become modified? Simply that where we have 


600 c in Fig. 9 we must write 300 c., where we have 1200 cc. we 


must write 600 cc. and so on. In other words our argument is not 
altered; but the amount of exercise necessary to place J. B. at a given 
disadvantage is reduced. The greater the pressure necessary to drive 

the oxygen through the epithelium the more will J. B. be handicapped. 
(2) On the physiological theory, the tensions with which the cells 
have to do are the tensions in the surface. It is not clear from the 
preliminary paper of Haldane and Douglas how the oxygen-want 
stimulates the lung-cells. Conceivably the stimulus might be local; or 
on the other hand it might be propagated along the vagus, as Bohr 


supposes the normal stimuli to the lungs to be, from an ausmic 
medullary centre. 


_ Since the epithelial cell of the lung may be supposed to have a 


“first call” upon the large quantities of oxygen which, even under the 


most prejudicial conditions, traverse them, it is not easy to see how they 


can-be stimulated by local want of oxygen and therefore the stimulus 
is presumably due to central anemia. If then the position of 
Haldane and Doug las is that gas secretion is a function of central lack 
of oxygen, ie. an effect of lack of oxygen in the arterial blood, we arrive 
at the deduction that the degree of oxygen saturation of the arterial 


blood: is related, though not necessarily in a simple’ proportion, to the 


oxygen pressure of the surface fluid which bathes the cell; and if this is 
so, the facts even on this theory are not inconsistent wish the view 
that the dissociation’ curves depicted in Fig. 9, dependent as they are 
upon the salts in the red corpuscle, explain the observed symptoms cal 
erry in the individuals studied at high altitudes. — 


My 3 are Khe to the Council of the Royal Society for a grant 
of money, to Messrs Baird and Tatlock, who presented the party with 
a portion of the apparatus, to Dr H. Straub, who assisted in the 
preliminary standardisation of apparatus in this country, to my colleagues 
Prof. Panowitz, Prof. Zuntz and Prof. Durig for constant help and 
advice in various ways, to Mr Charles Jolley, who devised methods of 
packing my apparatus, but chiefly to Mr C. G. Douglas, who made 
many of the air analyses and rendered me the most invaluable assist- 


- ance when at the- Alta Vista hut, where the physical difficulties caused 
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by a temperature at which water exists only in a solid state were 
greatly angmented by the impairment of mental activity 1 found when : 
I had to work at an altitude n | | 


— 


Appendix showing the pointe of the curves determined, 
thefallowing Tables tension of merry. stration 


with oxygen at 37 C. 
T 20 20 80. 38 „„ 
8 6 „„ 81°5 92 
Cambridge after return, CO, tension 40—41. 
VF 49 61 61, 
8 63 77 79 83 84. 
Oxford, Nov. 1910, CO, tension 40—41 mm. A 
T 36 36 85 85 97 97 Ms 
, 8 63 67 92 94 94 96 
Ditto +0-08—0-04 %, lactic acid. 
T 35 47 47˙8 47°5 
8 22 74 76 
Ditto +0-07—0-08 9% lactic acid. 
26 33 42 52 60 The. 
8 25 37 57 78 78 ott 
Las Oafiadas, OO, tension 41 mm. 
T 17. 415 55 67 78 
8 13 28 43 66 7% 86 89 ˙5 
Las Cafiadas, CO, tension - 56 mm. 
8 68 69. 80°5 82 
Alta Vista, CO, tension=41 mm. 
2% 383 ˙5 52 61 
8 22 44 78 80 
Alta Vista, CO, tension =32—33 mm. 7 
4¹ 49 ˙5 
8 61 79 
T 185 29 44 45 50 
3 8 38 87 55 86 84 90 
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Orotava, CO, tension 40 mm. 
T 15 7 22 37 65 
8 
Cambridge after return, CO, tension 41 mm. | 
30 300 65 865 
8 74˙5 88˙5 8⁵ 89 90 
Cambridge, Jan. 1911, C0, tension 40 mm. 


8 71 69°5 83-5 84-5 
Las Cafiadas, CO, tension 41 mm. etch 


2 19 50 66°5 
8 2 29 83 88°5 
Alta Vista, CO, tension - 4 mm. 
T 20 41 
8 32 77 
Alta Vista, CO, tension =38 mm. 
T 18-5 35 
— 81-5 54 74 
(N. Z.) Orotava, at CO, tension 41 mm. 5 
1 0 H+ 30 37 37 43 74 
8 0 45 50 61 62 72 90 
Las Caiiadas, CO, tension - 20 mm. 
T 21 31 52 61 72 
88 90 
Alta Vista, CO,=27 m. 
25 35 45 55 
8 50 64˙5⁵ 75 80° 
Alta Vista, CO,=40 mm. er 3 
T 16 26 36 46 36 
8 18 30 54 69 81 
Berlin (July), CO,=36 mm. 
33 52-5 66 
19 62 82 · 5 885 
Berlin (Oct.), CO,=35 mm. 
T 19 28°5 3y 54 656 77 
8 40, 41 58 68 81, 83 88 89°5, 90°5 
Berlin (Oct.), CO,=27 mm. 
T 17 40 


8 51,52 88, 9 


0 
‘ 


* 


7 — 
2 
ote 3 
— 
5 
, 
‘ 
* 
4 
By Cambridge before starting CO,=40 mm. 
~ - 
2 
E 
2 
* 
* T 36 — 50 | 
| 
| 
* 
* 
* 
2 
{ 
F. 96 
— 
x 
4 * 
1 
& 
j 
| 
2 
52 
8 


HEIGHT AND H&MOGLOBIN DISSOCIATION. 63 
(A. D.) Orot CO, tension =41 mm. 


1 20 48°5 63 80 
8 30 72°5 83 90 
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ON THE ALLEGED PRESENCE OF AN ALCOHOLIC 


ENZYME IN ANIMAL TISSUES AND ORGANS. 
By ARTHUR HARDEN anD HUGH MACLEAN. 


(Lister Biochemical Department.) 


THE nature of the processes 1 in the e of carbohydrate 
material by the animal organism has always been obscure, and, despite 


the voluminous literature on the subject, our present position amounts 


to little more than a recognition of the obvious fact that sugar is easily 
and abundantly destroyed in the healthy body. 

The isolation of a glycolytic enzyme from yeast by Buchner 
suggested that a similar enzyme might be present in animal tissues ; 
according to this view glucose was supposed to be split up in the tissue 


cells into alcohol and CO,, the alcohol in turn being oxidised into CO, 


and H,O. This hypothesis seemed to be substantiated by actual 
experiment, and though certain objections were raised from time to 
time with regard to the experimental evidence, the occurrence in the 
tissues of an enzyme capable of bringing about a true alcoholic fer- 
mentation of sugar has steadily gained ground; at the present time its 
presence seems to be fairly generally accepted. 

The evidence adduced in favour of this view is: 

1, When the organs of dead animals are ‘cubated i in contadt with 
sugar, alcohol and CO, are formed; the same result is obtained by using 


tissue juices or powders prepared fos such juices by precipitation with 


alcohol and ether. 

2, Traces of alcohol, or of some body reacting as such, are found in 
the fresh organs and in the blood of all vertebrate animals investigated. 
In certain cases it seems almost certain that the substance obtained was 
actually alcohol. 

The question of the presence or 1 of a glycolytic ferment is 
obviously of such fundamental importance in all work having as its 
basis the investigation of carbohydrate metabolism in avimals, that no 
advance in this direction seems probable until this point is settled. 
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The results of the present investigation show that all the evidence 
hitherto brought forward is capable of explanation without the necessity 
ol assuming the presence of a zymase-like fefment in the tissues; in 
fact, it is certain that much of this evidence rests on a very unstable 

foundation, and has been wrongly interpreted. 
_. Observations on the disappearance of sugar in animal tissues or 
_ juices have been made by Claude Bernard. Lepine@, Krausq), 
Spitzerm, Arthus@, Lauder Brunton@ and many others. These 
workers, however, discussed principally the destruction of sugar, but did 

not deal with the mechanism involved. 

Among the first to suggest the presence of a zymase-like enzyme in 
animal tissues was Blumenthal. He found that expressed juice of 
pancreas was capable of destroying glucose with the formation of CO,, 
but failed to detect alcohol. In 1903, however, Stoklasa@ stated that 
the process of sugar destruction by the animal tissue was essentially 4 
the same nature as the fermentation of sugar by yeast, and even claimed 

to have succeeded in isolating the active substance. The correctness of 

the statement has been questioned by many observers who were unable 

to obtain Stoklasa’s results. Mazé@ found that the alcohol-ether 
precipitate from ox lung gave a vigorous fermentation when mixed 

with glucose, but bacteria were always present; this reaction was not a 

true alcoholic fermentation, for, although alcohol and CO, were formed, 

a good deal of hydrogen was evolved, and considerable quantities of 
lactic acid were also detected. Somewhat similar negative evidence 

was adduced. by Batelliao) and by Portiera». In spite of these 

- criticisms, however, Stoklasa has continued to advocate the correctness 

of his views with such persistence that their acceptance seems to be 
gradually gaining ground. It may be at once admitted that the 
experiments, described by Stoklasa and his colleagues, have been 
carried out with great care, and also that, under the conditions employed, 

a destruction of sugar takes place with the formation, among other 
products, of carbon dioxide and alcohol. The only question arising is 
whether the precautions adopted were sufficient to eliminate the 
possibility of bacterial invasion. Stoklasa and his colleagues claim to 

have proved the absence of bacteria, but it will be shown later that he 

methods employed were quite unsuited for the purpose. 

5 The theory that lactic acid forms an intermediate product in the 
f process of alcoholic fermentation has undoubtedly exercised a considerable 
degree of influence on the development of the experimental work 
carried out with e organs. Both Stoklasa and Ransoma» 
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regard the well-known production of lactic acid in animal tissues after 
death as a step in the process of alcoholic fermentation. Stoklasa, in 

fact, finds that large amounts of lactic acid are produced in his ex- 
periments; this is accounted for by supposing that, in these cases, the 


acid is being formed from.sugar by the zymase more rapidly than it is 
being decomposed by the so-called lactacidase. It has, however, now 


been shown by Slatoras, and also by Buchner and Meisenheimerdo, 
that there is no experimental evidence in favour of the view that lactic 
acid does actually form an intermediate stage in the conversion of sugar 


| into alcohol and carbon dioxide, and, until some fresh evidence is adduced, 
this cannot be admitted. It seems probable, therefore, that the post- 


mortem formation of lactic acid in animal tissues is not in any way 


connected with alcoholic fermentation, and, moreover, that the formation 
of lactic acid in glucose solutions in presence of animal ‘tissues, juices, — 


and powders i is also quite independent of the presence of an alcoholic 
enzyme in these materials. 
3 Details of method by which juices and powders were obtained. In 
the literature concerning the subject of this paper there is such a 
marked ‘tendency to explain certain divergent results as dependent 
on minor differences of manipulation, that it is necessary to give exact 
details as to the methods utilised in procuring the substances used. In 
all experiments with powders and juices, except those in which some 
deviation is specially described, the following procedure was adopted. 
The material was obtained as soon as possible after death, either 


from an abimal which had been killed in the laboratory, or from the 


slaughter-house; in the latter case the organ was kept at a low 
temperature during transit by means of ice. It was then minced as 
finely as possible, and the mass mixed thoroughly with an equal amount 


of silver sand. This mixture was thoroughly ground up in a large 


mortar, not more than 300 gms, to 400 gms. being used each time. 


The disintegrating effect of the sand caused the formation of a soft, 


‘sticky, pasty mass, To this was added kieselguhr in amount sufficient, 
when thoroughly mixed, to render the whole fairly consistent. This 
was again thoroughly ground up as before, until it also became somewhat 
pasty. Finally, sufficient kieselguhr was added to form à mass suf. 
- ficiently firm and dry to form a coarse powder when rubbed between 


the hands. The juice was obtained from this mass by means of a 


hydraulic press capable of exerting a maximum pressure of over three 
tons per square inch. The expressed juice was collected in a tall glass 
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quickly as possible, and, in general, the juice was obtained in from 1} 
to 3 hours after the death of the animal; in some cases special 
efforts were made to complete the process within 1 hour after death. 

From this juice the powder was prepared as follows: 50 dc. of 
juice were added slowly and with constant ‘stirring to a mixture con- 
sisting of 400 c.c. absolute alcohol and 200c.c. ether. This was at 
once thrown on to a large filter connected with a suction pump. By 
this means the precipitate could generally be separated from’ the 
alcohol-ether mixture in from 14 to 24 minutes. The residue was then 
washed with ether, spread out on a filter paper, and dried in vacuo 

either at room temperature or at 35 C. In some cases it was simply 
spread out in à thin film, and left exposed to the air of the laboratory. 
The whole mass dried very quickly whatever process was adopted, and 
in from five to fifteen minutes formed a powder which crumbled on 
being pressed. After being thoroughly dried, the whole was ground 
in a mortar to very fine FWH 
experiments. | 

In a few of our experiments we. obtained the tissué-juices ed 
powders according to Stoklasa’s slight modification of Buchner's 

; method: this consists in waiting till the precipitate separates out from 
the alcohol-ether mixture, and settles at the bottom of the vessel. The 
| : alcohol is then decanted off, and the precipitate thrown on to a filter, 
and washed with ether. As it was found that direct filtration with the 
help of a suction pump was the more expeditious method, a plan was 

adopted in the great majority of the experiments. 

Since Buchner has pointed out that alcohol exercises a deleterious 
effect on zymase, and that in precipitating the ferment by means of 
alcohol it is necessary to work very quickly in order to limit as much 
as possible this destructive tendency, a comparative experiment was 
made with yeast-juice.. A sample of ‘active yeast-juice was taken and 
50 cc. added slowly and with constant stirring to a mixture composed 

of alcohol 400 cc. + ether 200 c.c. This was at once poured on to a 
large filter, and the residue washed with ether. The time between the 
instant at which the first portion of juice came into contact with the 
alcohol and the end of the washing with ether was exactly three 

minutes. The precipitate obtained was then dried in vacuo and ground 
into a fine powder; when quite dry it weighed 44 gms. The activity 
of this powder was estimated at 37° _— 50 ce. * the same juice 
under similar conditions as 
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1, Amount of 00, given off 
5 gms. dextrose 50 U. e. juioe gat. at 37 th OO, 86 ˙2 0.0. 
gms. dextrose + 50 0. 0. +44 gms. powder 82 : 

Bat. at 37° with 


From these figures it is clear that alcohol 4 not e 
reduce the fermenting activity of zymase when the contact is not 
longer than three minutes. Similar results have been obtained by 
Buchner. 

According to Stoklasa it is of very great importance that the tissue 
juice should be expressed at a pressure of 300 to 400 atmospheres ; he 
makes the statement that powders obtained from juices expressed at 
pressures below 250 atmospheres are relatively inactive, while a pressure 
of 300 to 400 atmospheres — a fluid which furnishes a very active 
powder. 

Unfortunately, the meaning of the statement that his active juices’ 
were obtained at a pressure of 300 to 450 atmospheres is not very 
clear; if this means that the press gauge registers this pressure, it 
conveys no information whatever, for the pressure actually exerted on 

the tissue may be either greater or less than this in proportion to the 
relative sizes of the plates used. In Buchner’s press the actual 
pressure exerted per square inch is much less than that indicated by 
the gauge, and, as Stoklasa seems to use one of these presses, it is 
obvious that the actual pressure on the material at which he obtains 
his juice is really considerably less than 350 to 400 atmospheres. — 
Since, however, he considers the question of pressure to be of maximum 
importance, it was thought advisable in our experiments to state the 
exact pressure at which the juice was obtained; this in every case 
refers to the actual pressure exerted on the tissue, and not that 
registered by the gauge. 

Method of estimating alcoholic 3 The purpose of this 
investigation being to find out whether or not alcoholic fermentation 
in tissues was an established fact, no experiments have been made to 
ascertain any variations in the actual amount of sugar present before 
and after the experiment; the possibility of sugar being destroyed in 
some other way than by conversion into CO, and alcohol is not discussed. 
As an index of fermentation we have measured the amount of CO, 
given off in any given time. This was done by means of the apparatus 
fully described by Harden, Thompson and Youngas), in which the 
flask containing the fermenting material is connected with an azoto- 
meter, into which the gas passes over as it forms. After making 
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allowances for pressure in the ordinary way, the volume of gas given 
off in any given period can be accurately determined. The instrument 
is exceedingly delicate, and well suited for the determination of a small 
amount of fermentation. It, moreover, possesses the great advantage of 
providing an accurate index of what is actually taking place at any 

given time in the course of the experiment, and so furnishes most 
valuable information, which it is quite impossible to obtain when the 
CO, is collected in KOH and weighed as done by Stoklasa, and this 
after long intervals, All our experiments were carried out at a 
temperature of 37°C., the procedure being as follows. 
A certain amount of aqueous solution of dextrose was warmed to 37° 
in the water bath of the apparatus; it was then connected with the 
azotometer and saturated with CO,; when equilibrium was established 
the powder or other substance was added, and the whole again saturated 
with CO,. By removing the flask from the bath at short intervals and 
shaking vigorously, any CO, that tended to remain in the flask in a 
supersaturated condition was driven off, so that equilibrium at 37° was 
soon established. Any trace of CO, now generated by the mixture at 
once increased the pressure, and a corresponding amount of gas passed 
| over into the azotometer. In this way an accurate index of what was 
happening inside the fermenting flask could be obtained without 

disconnecting or interfering in any way with the apparatus. The 
nature of the gas given off is, of course, impossible to ascertain in cases 
where only traces are evolved, for, since the whole apparatus is filled 
with CO, to begin with, a corresponding amount of this gas is displaced, 
whatever be the nature of the gas generated. This, however, applies 
only to small quantities, for, after a short time, if the fermentation is at 
all vigorous, the actual gas generated passes over. It is advisable in 
all cases to saturate the mixture with CO, at the beginning of the. 
experiment, otherwise some of the gas formed at first may be held in 
solution in the fluid, and its presence overlooked; this precaution also 
ensures anzrobic conditions. 
Discussion of results previously obtained with powders prepared from 
tissue juices. An examination of the results obtained by the advocates 

of alcoholic fermentation shows that the amount of CO, evolved is 

relatively very great. Thus Stoklasa obtained the following figures in 
certain of his experiments using 5—10 gms. of material. 


Powder from flesh in 18 hours=0-732 gms. CO,. 
” ” „ 2172 ” 
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And somewhat similar results have been obtained by Simdcekao and 
others. Nearly all the experiments, however, suffer from the drawback 
that observations were recorded only after the sugar and powder mixture 
had been incubating for many hours. If an alcoholic ferment is really 
present, it ought to exert its maximum action in a short time, and then 
gradually decrease in efficiency. The pobaibttity of a 
will be discussed later. 

nich. greater value 
‘than those taken for instance every 12 hours, for.the former give some 
indication whether the rate of reaction is at all in accordance with what 

Experiments without antiseptics. It is 3 admitted that 
eee have a marked influence in inhibiting the action of tissue 
preparations when incubated with sugar, and Stoklasa and his followers 
explain this as a detrimental action of the antiseptics.on the alcoholic 
enzyme. Simäcek, recognising this action, did not use any antisepties 
in some parts of his work, but relied on a highly concentrated sugar 
solution to exclude bacterial action. Oppenheimerun, who seems to 
accept Stoklasa’s views, observes that the antiseptics used with a 
view to eliminate the action of “bacteria” may have been applied in 
such concentration as to have defeated their purpose, in that they 
caused destruction of the enzyme; he thus explains the results of those 
observers who have been unable to confirm Stoklasa’s work. On 
reading Oppenheimer’s observations the impression is obtained that 
this author treats the cry of “bacteria” as something which has been 
much overdone; he makes the statement that bacteria do not account: 
for the results obtained by Stoklasa and his colleagues. Unfortunately, 
the evidence on which this statement is based is wanting. Stoklasa 
adduces but little proof that the fermentations. observed by him have 
taken ‘place shortly after the mixtures were placed in the incubator. 
It is true that in a few instances it is said that.“fermentation began 
immediately, but in many cases this would seem to refer to What 
appeared to be fermentation, the appearance of some bubbles or froth 
in the mixture. (In two cases, however, it is claimed that after two 
hours 0272 gm. and 0:23 gm. CO, were found.) In many of our ex- 
periments we have observed this effect, but it was in no case accompanied | 
by evolution of gas, and appeared to be caused by the manipulation 
necessary to mix the sugar solution and powder. In appearance it 
often closely represents what is seen in an ordinary yeast-juice fermenta- 
tion, C 
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taken as evidence of fermentation. Our apparatus, however, gave us 
the great advantage of knowing exactly whether or not this frothing 
during the first few hours coincided with the production of gas, and 
our observations prove that it is simply a physical phenomenon, and 
connected in no way with fermentation. It is very likely that some of 
Stoklasa’s results are to be explained in this way. In no single case 
have we been able to obtain any real evidence of fermentation for some 
hours after the mixture had been incubated at 37°. : 

Action of tissuejuice powders on glucose solution. The al 
result obtained is seen in Exp. 2. After mixing the materials, it takes 
about 4 hour to get equilibrium established, and after this it will be 
noticed that little or no gas is given off for about 5} hours, when 
fermentation begins. In some cases a very small trace of gas is evolved — 
during the first few hours, but it will be shown later that this is 
dependent on physical conditions, and does not indicate fermentation. 
It is always slight in amount, and would in no case be of any importance 
when considered in relation to the large amounts of CO, claimed to 
have been observed by the advocates of alcoholic fermentation. 


Exe. 2. 15 gms. ox liver powder, obtained from juice prepared at a pressure of 
8 tons per square inch of material, were mixed with 50 C. o. of 10% dextrose solution 
which had been previously saturated with CO, at 37 C. The mixture was again saturated 
with CO,, and placed in the water bath at 87° at 11.25 a. m. It was twice shaken, and 
the first reading taken at 11.80: 


Time after Sey Time after 
Observations inhours offincc, Observations 
0 2˙2 — 65 wee — 
0˙5 15 Many bubbles and 7 oes. — 
1 — slight froth. 1% 14 — 
2˙5 — Slight froth as if 9 . 63 Froth very marked. 
8 — fermenting. 9°5 140 — 
4 — Distinct froth. 10°5 49˙8 —— 
4°5 — — 
5 — — 115 56°0 — 
55 12 Flask full of froth. 


In this experiment only 48 c ef gas were given off in the first 5} 
hours, and of this amount 37 dc, wers evolved shortly after the mixture 
was made as the result of establishment of equilibrium. This leaves 
the small amount of 11 es gas in 54 hours as possibly due to alcoholic 
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fermentation. That this is not its origin will be shown by later ex- 
periments, After this, fermentation went on slowly but steadily, and 


increased every 1 hour, in many cases doubling itself in this time. It 


attained a maximum after 112 hours, and continued for a considerable 


time, gradually diminishing in intensity during the next 12 bours, till, 
ultimately, in three to four days, the action ceased. This experiment 


is a good example of what is obtained in all similarly conducted ex- 
periments; naturally, there are certain unimportant variations as 

amount of gas given off and other particulars, but the general picture 
is always the same, and shows that fermentation begins only after 
several hours. This can only mean that, if the fermentation is due to 
‘an enzyme, the substance was originally present in the form of a 
zymogen; on the other hand, it points very strongly to bacterial 
infection. It is well known that many bacteria, when growing in 
suitable media, can double their numbers in about à hour; this 
observation agrees fairly well with what is observed by experiment, 


there being a marked tendency for the amount of gas evolved during 


the first few hours of commencing fermentation to double in amount 
every half hour. The possibility of a zymogen, however, was investi- 
gated, and, as it was noticed that fermentation was always accompanied 
by the production of lactic acid, some powder was incubated with a small 
amount of this acid in the presence of sugar; it was thought possible 


that the acid might act as an activator to the zymogen, if present. 


The result, however, was always’ the same; fermentation began as 
usual after some hours, and pursued the same course as before. All 
experiments in this direction agreed in furnishing no evidence whatever 


of the presence of any zymogen-like body. On the other hand, bacteria 


were found in every case. 
In these experiments powders obtained from the following tissues 
and organs were used: 


Ox = Liver, kidneys, pancreas, bod, lungs, heart. 
Rabbit = Flesh, liver. 
Guinea-pig = Flesh. 

Pig = Liver and pancreas. 


rae no case was any evidence of an alcoholic enzyme obtained. In 
certain cases modifications of the above-described processes were tried, 
but always with the same result, viz.: that fermentation began after a 


certain number of hours in all cases, but bacteria were then always 


present. In many of our experiments elaborate precautions were 


adopted to prevent bacterial invasion in the hope of obtaining an 
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aseptic substance, but the results have convinced us that it is practically 
impossible to obtain an aseptic powder, whatever precautions are 
adopted. It might be, thought that treatment with alcohol would 
destroy any bacteria present, but it must be remembered that in the 
preparation of the powder the contact is of such short duration as to 
render it very doubtful whether this is perfectly effective in this respect. 
Even if it were so, it is extremely difficult, if not impossible, to prevent 
subsequent infection during the drying of the powder. The extreme 
difficulty, or, probably, impossibility of obtaining an aseptic powder 
can only be realised by those who have actually, tried the experiment. 
Often the cases in which the most elaborate precautions were adopted 
yielded powders which seemed to be more infected than others obtained 
without adopting any special precautions. The following experiment 
is interesting in showing that bacteria may escape the action of alcohol. 


Exp. 3. A sample of fermenting guinea-pig flesh was found to contain in abundance 
a long, rather thick bacillus. A broth consisting of peptone and extract of bullock’s 
heart, to which a little sodium chloride had been added, was inoculated with this 
bacillus; about 2% dextrose was also added, together with some calcium carbonate, and 
the whole put into the incubator at 87° for 30 hours. The solution was then treated with 
alcohol and ether, exactly as the tissue juices. A small amount of a precipitate was 


obtained, the whole manipulation taking 44 mins. This powder was carefully dried in 


vacuo at 35°, and added to a mixture consisting of 25 b. c. of the above broth containing 
1% dextrose. The flask was then placed in the water bath at 37°, saturated with CO,, 
and the result observed, allowance being made for establishment of equilibrium. 


No. of e. e. No. of c.c. 
Time, in hours Bas one Time, in hours gas given off 
— 5˙5 0˙1 
1 — 6°75 — 
8°25 — 7˙⁵ — 
3°75 — 9˙5 52 
4 03. 10°25 1847 
4°5 08 | 9°2 
5 — 11°0 


Demonstration of bacteria in the fermenting miature, The method 
adopted was to take a small amount of the fermenting material on a 


slide, and form a thin film, which was dried, and fixed by means of heat 


in the usual way. It was then placed in an alcoholic methylene blue 


solution for a minute or two, and examined. This simple process we. 
found very suitable. Occasionally treatment of the film with a solution 
of 80%, alcohol containing 1-2 °/,.of acetic acid helped to render the 


bacteria evident. As a general rule no difficulty was experienced i in 
finding them ; in other cases it was a laborious process, owing to the large 
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amount of extraneous matter on the slide, though even in these latter 


cases a suitable film was found to be absolutely swarming with them. 


Action on glucose of the bacteria isolated from the fermenting miature. 
The next point for consideration was whether the bacteria really 
caused the fermentation, This was tested by inoculating a suitable 
mixture containing sugar, which had been previously sterilised in the 
autoclave, with a portion of the fermenting mixture from one of the 
experiments. A positive result was generally obtained, though the 
process was not so vigorous as the original fermentation. This can be 
easily explained by the fact that the tissue powders provide a more 
suitable medium for the bacteria than does peptone. The experiment 
was carried out exactly as the original one, so that the conditions in 
both cases were identical; it was always found that the bacteria caused 


fermentation of sugar if the inoculation sample was procured during the 


height of active fermentation. As a rule the original fermentation of 


the powder continued for three to four days, and then died out; in 


many cases, an inoculation after this period gave no fermentation in 
the glucose medium. In such a case, however, the bacteria were 
probably killed by the acid formed as the result of fermentation, so that 
no growth could be expected. Bacteriologists have repeatedly shown 
that certain sugar-fermenting bacteria are killed by the action of their 
fermentation products, so that, while inoculations taken from a mixture 
at the beginning of fermentation show a good growth and ferment 
glucose vigorously, no action is obtained if the sample is taken from a 


_ fermentation that has been going on for some daysdh. It is thus 


obvious that the failure to obtain living bacteria from a mixture that 
has been fermenting for some days is no proof whatever that bacteria 
have not been present. In several such cases the examination of films 
demonstrated their existence. Now Stoklasa assumes the absence of 


bacteria from the fact that he has been unable to obtain growth when 
suitable media are inoculated with the fermenting substance after the 
fermentation is complete, and it will be.seen from the foregoing that no 


growth could have been expected under the circumstances. Sometimes 
we have obtained growth after several days of fermentation, but in 


other cases in which positive results were obtained at an earlier period— 
say after 12 hours’ fermentation—no e could be _— after 


five days. 


pressure of 2 tons per square inch having been used. F 


Glucose incubated at 37° gave the following figures: 
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last reading — hire, M last fending 

0 ! 
2 380 0 ˙2 
0-2 u 1-0 
186. 


Bacteria found in abundance many rod-like bodies. 
broth containing 3b and the 


fermentation. 


Bacteria found in fair abundance manny rod-like bods ain fermentation, 


5. 10 gms, cx liver powder Cen juice obtained at of tons 
+50 0.0. 5%, glacose sol. not saturated with CO,. 


hrs. apd min. No. ore. 
hrs. 0 min. 
0 „ 30 ” 
1,, 80 „ — 14 


Nomar of similar wor cred ot, and dem. with 
hers: same general result, 

Simäcekos states that bacterial action was prevented in hin experi- 
— by the use of highly concentrated sugar solution, but this view | 
is not in accordance with experimental evidence. This experimenter 
used maltose and lactose in 30% solution, and obtained a production of 
carbon dioxide, which he claimed to be formed by an enzyme, but did 
not use dextrose in this high concentration. On testing this point, we 
‘have found that certain bacteria can grow quite well in solutions of 
maltose and lactose V“ 
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Even i in 30% dextrose solution a fair amount of growth was based, 
though it was not nearly so marked as in the case of the disaccharides. 
This is probably due to the fact that solutions of dextrose have nearly 
twice as great an osmotic pressure as solutions of the disaccharides 
containing the same percentage of the sugar. That bacteria can 
flourish in 20 % solution of glucose is seen by Exp. 4, in which this 
concentration of sugar was employed. That 15°/, dextrose solution is 
easily decomposed by bacteria is shown by Exp. 6, carried out with a 
pure culture of B. lactis wrogenes. 


Exp. 6. A fiask containing 50 b. 0. of 3 mixture of dextrose 15 gms. +peptone 1 gm. 


+distilled water 100 ¢.c. was inoculated with the Bacillus lactis @rogenes. After 


21 hours it yielded 22-6 c.c. gas, and continued to ferment for 26 hours, yielding an 
average of 2°9 0.0. to 2°8 ¢.0. per hour. The experiment was then discontinued. 


In the light of the above evidence the presence of a zymase 
can only be maintained on the assumption that the enzyme is present 
in an inactive form and that it manifests its presence at the same 
time as the bacteria become active; in this way its effect would 
be obscured by the bacterial action, both processes going on together. 
The fact that activity is never manifested unless bacteria are present 
in numbers capable of being easily demonstrated by the microscope 
renders it impossible to prove such an opinion by experiments of 

this kind. If a zymogen were present, it is conceivable that, in some 
instances, its action might be obscured by bacterial contamination, but 


on the other hand, since bacteria take from five to eight hours or 


more to produce their-effect, its action should sometimes be manifested 
earlier, That it has never once been so in a long series of experiments 
may be accepted as a proof that it is not present in amount sufficient 
to produce the results claimed for it. That traces of some such ferment 
may be contained in the tissues we do not pretend to deny, but, up to 


the present, no cogent evidence has been adduced in support of such a 


contention. . 

That a very marked amount of fermentation takes place generally 
within 12 hours, and that this fermentation is due to bacteria, we 
consider as proved. Examination of the nature of the gas given off 
furnishes further evidence in support of this. 

Nature of gas given off in fermentation experiments. Unlike yeast 
fermentation, the gas given off from tissue powders is not pure CO, 
A certain amount of this gas is present, but the quantity is variable ; 


it is always associated with an inflammable gas which is meobably. 
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hydrogen. In five different samples examined the proportions of CO, 
do inflammable gas (taken as hydrogen) were as follows: eo 


| (The figures refer to parts per hundred.) 
No. CO, in ac. H in ce. 
53°38 46:2 
2 28°1 7¹˙9 
3 20˙3 79°7 
4 | 56°6 
5 81°5 68 ˙5 


Tunis fact alone is very suggestive of bacterial action, 1 
Stoklasa regards the hydrogen, which he observed in many instances, 
as due to enzymic action. It may be noted, however, that no inde- 
pendent evidence for the production of hydrogen by the action of an 
enzyme exists, so that this question is on exactly the same footing as 
that of the existence of an alcoholic enzyme in the tissues. 

Experiments with Antiseptics. The chief antiseptic used was toluene; 
this substance, when present in suitable amount, possesses the advantage 
of being fairly effective in preventing bacterial growth, while, at the 
same time, it does not appreciably diminish the action of yeast zymase. 
Thus, it possesses the characteristics most suitable for the detection of a 
possible alcoholic ferment in the tissues. Our results with small amounts 
of antiseptics were similar in kind to those obtained when no antiseptics 
were employed, the only difference being the manifestation of a tendency 
for fermentation to be delayed ; often it was also less vigorous. This delay 
was accentuated in proportion to the concentration of antiseptic used, 
till, ultimately, no fermentation whatever took place. Quantities of 
toluene that were quite ineffective in inhibiting yeast-juice fermentation 
absolutely prevented every trace of reaction when tissue products were 
used. This suggests that, if any alcoholic enzyme really exists in the 
tissues, it differs materially from the yeast enzyme. 

It might be argued that the enzyme present in the tissues could 
hardly be expected to approach in amount or activity that of the yeast 
enzyme; stich a supposition is hardly in harmony with Stok lasa's 
experimental results, for, if we accept the products observed by him as 
the results of true enzyme activity, then their comparatively large 
amount proves that any enzyme capable of generating them must be quite 

as active as that obtained from many samples of yeast-juice. : 
| A reference to the experiments of Arnheim and Rosenbaumis) 
shows that in many cases the amount of antiseptic used did not prevent 
ee in these cases the results were discarded. The fact 
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that bacteria grew freely in certain cases under the same conditions as | 
those used for the other experiments shows that the antiseptics employed 
2 were not reliable. 


Many experiments were carried out by us with different amounts of 
antiseptic, and different results were obtained according to the amount 
used, as explained above; the important point, however, is, that in 
every case in which fermentation took place, micro-organisms, capable of 
fermenting sugar, were detected in abundance in the fermenting fluid. 
To this there was no exception; usually they were easily demonstrated ; 
in other cases with difficulty, as already explained. In all, their ahead 
was sufficient to account for the reaction observed. - b 

The experiments recorded below bring out the above points. 


sugar solution, and different amounts of toluene added; each mixture was then incubated 
Sore The effect of the antiseptic is well seen. : 


Amount of de gus 
added evolved 


toluene 
0˙2 110% in Very vigorous 
464% 24 hours swarming wi with bacteria : rate 
(6% 48 hours 


44% 


Here 04 1 e had little effect, while 6 15 caused considerable 
delay 3 in fermentation. This experiment was stopped after 48 hours, for, 
from our experience of these mixtures, we knew that once fermentation 
gets a start it goes on vigorously in spite of toluene. All the above were 
thoroughly shaken at frequent intervals. When the flasks were left to 
stand without shaking, large quantities of toluene were required to 
prevent fermentation. In Stoklasa’s method, in which hydrogen is 
continuously passed through the flask during the experiment, Mere 
N be a great tendency for all volatile antiseptics to be carried over. : 


‘Se. 8. 10 gms. ox liver powder (pressure 25 tons) + 50 0.0. a itt . 
incubated as above gave the following figures : 
In 24 hours = 950.0. gas. | 


Ate his ine gs at aking yh | 4 
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49. let hour = 112.0. gas. 52. ich hour 12 o.. gas. 
50. 2nd, = WS „ 58. Sth „ = 114 „5 
„ = 26 „ V 


“Te was still 
fermenting with some vigour three days afterwards. 

MUlany more experiments of the same kind were made, but the * 
were always somewhat similar. In general, however, n fermentation 
was induced when more than 1% toluene was present. as some cases 
less than 1% completely prevented fermentation, at least for one or two 
It would seem that the exhibition of a quantity of toluene, which 
might fairly be assumed to act as a preventive to bacterial growth, 
effectually prevents fermentation. Bacteria and fermentation always go 
together; these bacteria, moreover, are actually capable of inducing 
fermentation yielding alcohol and carbon dioxide among the products. 
There is, therefore, no reason to assume that bacteria are not the cause 
of the phenomenon observed. Oppenheimer’s conception that bacteria 
only form alcohol from glucose in trifling amount is not a valid one; in 
reality, considerable amounts of this substance are produced by many 
bacteria, The aie figures a are interesting in this connection@ : 


B. lactis aerogenes Glucose 38-0 
B. coli communis = 18°09 - 12°85 
” ” * 10° 
„ „ @bnormalstrain „ 12°85 8-9 
ae 14˙6 14°33 
Levulose 13°07 11°65 


Some of 
fermentation as many of the experiments of Stoklasa. 

It is now known that toluene is a much more powerful antiseptic 
than thymol, and since Stoklasa in his experiments with antiseptics 
generally used thymol, and that in a concentration of 4% only, it is 
unlikely that its presence’ was of much importance in preventing 
bacterial growth. On the other hand Buchner has qhows that n 
is more harmful than toluene towards zymase. 7 
A curious point, difficult to explain except on the assumption of 
bacterial action, is encountered when we examine certain work on the 
action of the pancreas. Arnheim and Rosenbaumas found that 
when 1 to 2 gms. of acetone pancreas powder were incubated wit 
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10% dextrose solution and chloroform a considerable amount of CO, was 
given off. In three different experiments 0058 gm., 0140 gm., and 
0˙158 gm. of CO, were given off in 24 hours. In another case no less 
than 0°305 gm. CO, was evolved in 48 hours, Simäcek found that 
0164 gms. of pancreas powder (alcoholic precipitate) gave 0°42 gm. 
CO, in four days. Stoklasa also in 1904 found that pancreas was very 
active, In one of his latest publications (Sep. 1909), however, he shows 
that pancreas powder does not contain any alcoholic enzyme, and is 
incapable of forming CO, from dextrosech. One of these — 
is as follows : 


3 6-2 gms. panoress aloohol-ether powder +50 0.0. 10% glucose at 87°. 
After 8 hours 25 0-006 gms. OO, evolved. | 
90002 „ found in sol. 
0-008 gms. together. 


If this last statement is correct, then it follows that all the wher 
observers who found the pancreas active must have been mistaken; it 
also proves that Stoklasa’s former results with pancreas powder 
were not due to an enzyme; if 5 we may assume that ner were 
caused by bacteria. 

In this later paper he admits that in all the cases examined — 
were found in the fermenting mixture after 24 hours. He also states 
that when antiseptics were employed in the usual amount they were 
capable of destroying any sugar-fermenting enzyme present. This 
practically amounts to an admission that antiseptics are more harmful 
to the enzyme than to bacteria. If this is true for the pancreas enzyme, 
may it not with all fairness be supposed to apply to any simile enzyme 
in other tissues ? 

The acceptation of such a view throws out of court nearly all the 
experiments hitherto done on the subject; it is unnecessary, however, 
to press the argument to this conclusion; sufficient has been said to show 
the nature of the experimental evidence ¢ on which the existence of this 
enzyme is based. 

Eapervments with finely-minced organs and flesh. The amount of 
mechanical manipulation necessary to procure tissue-juice powders 
obviously increases the difficulties of working aseptically. It was 
thought that contamination might be avoided by using the tissue itself 
either whole or in a finely divided form. In this case mechanical 
interference was reduced to a minimum, and little opportunity for sepsis 
seemed — Our first experiments were carried out with minced 
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flesh, but, in spite of the greatest precautions, it was found: quite 
impossible to avoid infection with bacteria. Some experiments were 
done without antiseptics, and in others toluene was employed; the effect 
of antiseptics was somewhat similar to that described above, when tissue 
powders were used, In the case of minced tissue, however, more toluene 
could generally be added without inhibiting fermentation. This probably 
depended on the large bulk of protein present preventing thorough access 
of jhe toluene to all parts of the mass; part of the toluene also may 
have combined with the * The results obtained are seen in the 
next experiments. 


Exp. 9. A rabbit was killed, and the 
remainder of the body passed through a mincing machine. All the usual precautions to 
avoid infection were taken, every vessel and instrument used in the experiment having 
been sterilised beforehand in the autoclave. Three portions of 40 gms. each of the minced 
mass were weighed in a sterile dish, and each portion transferred to a separate flask con- 


Flask A contained no antiseptic. 

50.0. toluene. 

The contents of each flask were then saturated with CO, at 87°, and connected with 
the azotometer as usual. Readings were commenced 1 hour aftet the flasks were put into 
the bath, and continued at frequent intervals afterwards. The rate of fermentation was 


No. 


2 1˙8 17 
5 06 0°4 
— — 
20˙4 — — 
510 
92 — 
101 121˙4˙ 2 ˙¹ 2˙8 
22 22°2 26 
80 “42 14°38 


+ Stopped. Bacteria found. Smells of toluene. Inoculated and gave fermentation. 
+ Baoteria found. ‘Smells of toluene. e 
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‘Exe. 10. Guinea-pigs were treated exactly as in Exp. 9. Two portions of 40 Ems. 
each of the mixed material were added to 60 0.0. ä No. 1 
2 e toluene was added to No. 2. 


ö In 7 hours No. 1 evolved 56°9 b. 6. gas. 
— No. 2 ” 7˙2 ” 


_ During the next 24 hours No. 1 evolved 109°8 0.c. gas. i 
5 No. 2 „ 22 „ 


¼— 2 
both cases. Inoculations gave marked fermentations. 


In another case an ox liver was placed in 2°/, lysol as soon as possible 
after death, and left there for 14 hours; it was then put into a large 


volume of boiling water and boiled for 2 minutes. This coagulated the 


protein on the outside of the mass to the depth of about 4 inch. Small 
portions were now removed from the centre with a sterile knife, minced 


with the same precautions as before, and incubated with 5% glucose 


solution. In 8 to 9 hours a vigorous fermentation had taken place, 
and bacteria were present in great abundance. Other attempts 
were carried out with kidneys and flesh on similar lines, but the results 
were equally bad, and it seemed quite impossible to mince an — 
without infecting it. 

Afterwards the mincing machine was discarded, and the following 


experiment tried. 


‘Exp. 11. A liver was treated with 2% lysol for 1 hour, and then placed in boiling 
water for 24 min. Small pieces were then cut out from the centre and placed directly in 
& 5°), glucose solution. In 6 hours vigorous fermentation was in evidence, and bacteria — 
were present in great abundance. _ 

Kidney treated in the same way, and boiled for 1} min. „„ sanabataatery, 


and it became evident that slaughter-house organs at any rate were useless for our purpose. | 


These experiments prove that the organs. used by Stoklasa in cases 
where he incubated the whole or large parts, must have been capable of 
producing bacterial growth. 

Our results point to the probability that it is useless to endeavour 
to obtain asepsis when even a very small amount of exposure and 
manipulation is necessary; the usual precautions adopted in such work 
are evidently quite insufficient to procure the desired end. 

Some of our experiments were conducted so carefully that it seems 
impossible to account for the growth ‘obtained by external infection 
during —, In connection with this, it is interesting to note 
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ha Wolbach and Saikian have pointed out that an organism: capable 
of fermenting carbohydrates exists normally in the liver of healthy dogs. 
This organism does not grow on ordinary culture media, and cannot be 
demonstrated by inoculation into peptone. This fact furnishes another 
proof that negative inoculation experiments are not in themselves suffi- 
cient evidence that bacteria are not present. The existence of a similar 
organism in some of the tissues utilised may help to explain a certain 
number of our results. Other organisms also must have been present. 

Eaperiments with whole organs. Stoklasa has performed various 
experiments with whole organs with results showing that these organs 
give quite an active fermentation when incubated with sugar at suitable 
temperature. It seemed clear that by such a method it ought to be 
possible to expose the organs to such a slight extent as to avoid infection. 

If this were possible, it would be of very great importance in — 
the question. 

In a few cases we ane succeeded in obtaining organs ‘i from 
sepsis, and in these cases there was practically no formation of CO, or 
other gas after incubation at 37° for a very long time. In the majority 
of our attempts, however, bacteria were present, and a reference to the 
data given in the following experiments shows the extreme difficulty 
of obtaining an organ sterile. 

The experiments were carried out on rabbits. In some cases no 
fermentation was in evidence for periods up to 50 hours; whenever 
a reaction occurred, bacteria were found. If an enzyme had been 
present, it had ample opportunity to manifest its action during these 
long intervals, but in no case was there the slightest evidence of any 
effect of this kind. 

The next experiment indicates that, where there are no bacteria, 
there is no fermentation. : 


2% lysol: the same precaution was taken with regard to all glass plates and supports in 
the neighbourhood of the experiment. The flask in which fermentation took place was 
specially fitted with a thick rubber cork: through this a long bent tube passed, Into this 
flask was put 150 0. e. of a 6 % glucose solution, and the whole sterilised in the autoclave — 
for 1 hour, the end of the tube being plugged with cotton-wool. All the glass and rubber 
connections of the azotometer were similarly treated. In order to reduce the chances of 
infection, no saturation with CO, was attempted. The actual amount of gas produced is, 
therefore, somewhat greater than the numbers found, for a certain amount remains in 
solution. 

won now Milled, snd the over the’ abdominal aren oat off; this part was 
thoroughly singed with a large Bunsen flame, and finally treated with a large hot iron. 
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The skin was out through with a sterile knife, retracted, and the exposed surface again 
thoronghly treated with the hot iron. A fresh knife and forceps were now taken, and the 
liver exposed ; the presenting part was grasped-with u forceps whidh bad jast been heated 
almost to redness, and its connections severed, the gall bladder being snipped off. Tt was 
removed from the body as quickly as possible, and dropped into the sterilised sugar soln- 


tion in the flask. 17177000 Ä 


sugar solution was only a few seconds. The whole was then incubated at 37. 


„8. 8. 10 2.15 p. m. 
08 
3.10 „ 0˙6 
„„ 
4.15 ” 3˙5. 
6.0 
— 
7. 8. 10 „ 
9. 8. 10 10.0 „ — 1 
12. 8. 10 10.0 „ — i 
mew ae Smells quite fresh after 7 days; like beet tea. 


‘ eo the total amount of gas in seven days was only 118 ao.; 


it is well known that fresh organs always give off a certain amount . 


gas, which can also be obtained by boiling them with dilute acid, 
this small amount can be easily accounted for. At any rate it is 80 


small as to be unimportant. This experiment of itself affords verß 
strong evidence that an aseptic organ is incapable of producing wal | 


mentation. 


Other attempts carried out with the same 3 gave 3 
times a well-marked bacterial growth in eight to ten hours. Indeed, it 


was only occasionally that an aseptic liver could be obtained, and on 


two occasions only were we completely successful. 
In the next experiment the result of incubating different organs is 
given ; the attempt was in this case only partially successful, but it is 


obvious that any ferment present had sufficient opportunity to exert its 
action before bacterial growth took place. The organs chosen were 
(1) liver, (2) heart and kidneys, (3) lungs; the temperature being 37 C. 
The liver showed signs of bacterial growth after 51 hours; the heart 
and kidneys were aseptic, no growth having taken place in five om 
while the lungs to ferment wn after 30 hours. 
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Exp. 13. Amount of gas given off ia c.c, since last readings 
5 06 — 
6 0˙1 
8 3°3 08 — 
03 
12 — — me 
20 — — yO 
— — 11 
to ferment; m; 
Total 68 3°6 0. o. 


These experiments we consider as amongst the most important in 
the investigation, since one or two positive experiments of this kind 
outweigh entirely all other evidence. pee 

Experiments with pancreas-juice powders. As above mentioned, 
-Stoklasa@ now claims to have proved that the pancreas does not 
possess a ferment capable of fermenting glucose. On the other hand, 
he makes the extraordinary assertion that a ferment is present which 
has the power of acting on disaccharides, and forming, among other 
products, carbon dioxide and alcohol. 

So far as is known, pancreas contains no ferment capable of con- 
verting cane-sugar or lactose into glucose. Simäcek, however, found 
that pancreas easily fermented cane-sugar and lactose ; the preliminary 
conversion of disaccharides into monosaccharides being naturally as- 
sumed, the question arose: how does the pancreas do. this, since it 
contains no lactase, and, probably, no invertase? The fact that fer- 
mentation was obtained, however, suggests that the whole effect was 
due to bacterial contamination. 

Stoklasa’s new ‘observations completely changed the whole .com- 
ren of this problem, but, unfortunately, we have been quite unable 
to substantiate them. The juice used for preparing the powders was 
˙0h0! each case. 


Ex. 14. br ‘was obtained as fresh as possibile, aud powder propared. Two 


mixtape $0 that used by No saturation with OO. 
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B. ” 15 


Fermentation then began, cod were found n She wry great 


abundance. 


Exe. 15. (Ox liver.) 


A. 48 gms. powder + 50 0. e. ages 0.0. gas. 
B. 8 ” =0°2 57 


Expr. 16. Powder from teh of pig prepared. before, and thre ba. 


incubated as follows : 
A. 62 gms. powder + 50 c.c. 10 %, ginoose +0-5 gm. K, PO,. 
lactose 


0. ” 55 maltose + 


CO,; the whole was then re-saturated at 87°. Readings were taken after 3 hour, when 
ee The experiment was commenced at 12.5 p.m. ne : 


No, of c.c. gas given off since last reading 

12.40 1˙5 „„ 
1.0 92 05. 
1.20 

1.45 os. — 

3.0 — 


Daring the next two hours fermentation was quite masked in ech, and bacteria wer 
tound in abundance. 


It will be seen that a small quantity of gas was 8 off by each in 
six hours. This was no greater with one sugar than with another. 
This small preliminary yield, as already indicated, depends on — 
conditions, and has nothing to do with fermentation. =. 

Several other experiments were carried out, but no evidence leave 


ofthe presence of any ating on or 
was obtained. 
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On the small, preliminary yield of gas obtained. In many of our 
experiments with tissue powders small amounts of gas (amounting, 
generally to a few c.c. in five or six hours) were obtained when a 
preliminary saturation with CO, was made use of. At first it was 
thought that this might indicate a slight fermentation, but experiment 
proved that such is not the case. The chief points against it 2 9 7 a 
true fermentation are: 

1. It takes place when antiseptics are present in concentration 
sufficient to inhibit an enzyme. 1 

2. The presence of sugar makes no difference. 

3. Exactly similar results are obtaincd with subatances. which 
certainly contain no enzyme, 6g. Witte’s peptone. : 

The phenomenon is pfobably to a great extent dependent on 
changes in the liquid, due to gradual solution of the powder. At first 
the liquid containing the powder is saturated with CO,, but gradually, 
as more powder goes into solution, the power of the solvent to hold CO, 
changes somewhat, and small 
time. 

3 in an atmosphere of hydrogen. Exception sight be 
taken to the above experiments on the ground that anærobie conditions 
were procured by means of an atmosphere of CO,, Stoklasa and his 
co-workers invariably used hydrogen, and it might be argued that our 
results are dependent on the gas used. Such a supposition is a priori 
not likely to be correct, for it has been already shown that the gas 
actually evolved is a mixture of hydrogen and CO, 

In order to remove all possible objections, we carried out several 
experiments in an atmosphere of hydrogen, the apparatus used being 
arranged on the same prineiple as that described by Stoklasa. The 
CO, formed was absorbed by KOH in the usual way and weighed. 
The powder and sugar solution were incubated for about six hours, 
and the amount. of CO, given off during this time was determined; in 
several cases, the quantity generated between the sixth and tenth 
hours of incubation was also estimated. 

A reference to the experiments shows that traces only of CO, were 
obtained during the first six hours, but that quite appreciable amounts 
were evolved after nine to ten hours. As usual this was found to be 
accompanied by the development of bacteria. The results agree well 
vith those obtained with a CO, atmosphere. The small amounts 
obtained in 8 hours sai cee.) are probably due to the commencement 


$ 
. 
7 
5. 
2 
7 
* 
2 
t 
fat 
“aq 
K. 
2 
Va 
— 
4 
» 
} 
* 
77 
* 
x 
ag 
Sf 


88 A. HARDEN AND H MACLEAN. 


of bacterial action. They: are decidedly smaller than the amounts 
obtained in the first 54-6} hours in the experiments in OO,, in which, 
as e above, a e evolution, due to — causes, occurs. 


TABLE. 


1. 20 gms. liver powder 10), glucose gave in fist 6 hrs. =0-0016 gm. CO,. 
2. 20 780 %% * ” in first 6} ,, =0°0044 
: ‘ in next 8} ,, =0-0702 ” 
3. 20 „ oxliverpowder +30 ,, „ „ „ imfirst6},, =O00052 , 
4. 20 „ pig liver powder 460 „ „ „ „ in fret , ,, 


5. 20 ” ox liver powder +80 ” 55 in first 54 =0-0024 


in nent s „ 000 „ 
6. 10 „ pancreas +50 „ 5 „ „ 
7. 15 „ ox heart powder +60 „ 10 % „ „ in 61 ,; 000% „ 


show that immaterial whether OO, of Hie 
anerobie conditions in the experiments. 


The latest. paper in favour of the presence of a 1 enzyme in 
the tissues is that of Ransomon. This observer found that frog and 


fowl plasma could ferment glucose under suitable conditions with the 
formation of alcohol and CO,. The amount of material used in each 


experiment was very small, so that qualitative tests were chiefly carried 
out. The gas evolved was naturally assumed to be CO,, while evidence 


of the presence of small amounts of alcohol was found. On repeating 


these experiments we sticceeded in obtaining all the phenomena exactly 
as described. The gas obtained, however, was not pure CO,, but 


mostly hydrogen. Alcohol was also found, but, unfortunately, all the 


samples of so-called pure glucose at our disposal gave a fairly marked 
reaction for alcohol’, In all cases bacteria were found in abundance, 

though often they were present in clumps, and very difficult to find. 
These points suggest that the possibility of bacteria having been the 
cause of the results obtained by Ransom has not been excluded. 

Observations on the presence of alcohol in the tissues. Sufficient has 
been said to explain why so many observers have maintained that the 
tissues contain a glycolytic enzyme of and other 
produots from sugar. 
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The next point for consideration is: what evidence is there that 
traces of alcohol are found in the blood and tissues of animals? If 
alcohol is really found, how cat its presence be explained! 

As long ago as 1858 Forde made the observation that traces of 
alcohol occur in the blood and tissues of certain animals. In a later 
paper he supported this statement, and showed beyond any reasonable 
doubt that the reducing ‘substance obtained was really alcohol. Traces 
of alcohol were also found in fresh milk and tissues by A. and 
J. Béchampeo, and similar results were arrived at by Réhmannas 
and by Rajewskyee. The subject has been carefully considered by 
Landsbergen, who came to the conclusion that traces of alcohol do 
undoubtedly exist in fresh tissues, but that the amount is always 
small; no increase of alcohol could be detected after incubating the 
tissue for several days in presence of sufficient antiseptic. This observer 
inclined to the view that the traces of alcohol present originated in the 
intestinal tract, as the result of bacterial action. K ober tun demonstrated 
the presence of a reducing body in the fresh liver of the tortoise, and in 
many invertebrate tissues; after incubation with sugar for some time 
this substance increased in amount. Reach» claims to have found 
alcohol present in tissues in the form of an ester. 

In the course of our experiments it was found that traces of a 
volatile reducing body were present in fresh tissues ; this substance was 
found after distilling the tissue extract with picric acid and — 

with alkali, and was probably alcohol. 
| A careful consideration of the literature shows that i in many cases 
it was by no means proved that the reducing body present was alcohol. 
On the other hand, the experiments among others of Ford and of 
Landsberg leave no doubt that traces of alcohol are actually | 
in the fresh tissues and organs. Where do the traces of alcohol found in 
the tissues originate? We have already pointed out that certain bacteria 
form considerable amounts of aleohol from carbohydrates. These bacteria _ 
are present in abundance in the intestinal tract, and act on the 
earbohydrates of the food with the formation of alcohol and other 
products, It might be thought that absorption of carbohydrates would 
prevent this action, but there is abundant evidence that such is not the 
case. Macfadyen, Nencki and Sieber» found alcohol present in 
the small intestine when no alcohol was given by the mouth; they — 
also showed that considerable amounts of dextrose were unabsorbed 
after the food had traversed the whole length of the small intestine. 
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This proves ‘that the conditions — provide ample opportunity for 
bacterial action. 
Since therefore N is formed in the intestine, it must be 


absorbed and pass into the blood; this would easily account for the 


traces found in the tissues, There is no need to assume that alcohol is 
formed in the body-cells after the absorption of dextrose, since we have 
proof that traces of alcohol must be present in the blood and tissues. 
The amount of alcohol actually formed in the intestine has not been 
investigated, but it is possible that considerable variations, depending 
on the rate of absorption of sugar and other conditions, may occur. 
Whether this alcohol ever plays a part in certain obscure pathological 
processes is an interesting question for the clinician. Even if we 
assume that alcohol is actually formed in the tissues, the fact that a 
certain amount of this substance is absorbed from the intestine makes 
_ it exceedingly difficult to prove that all the alcohol found has not the 


same origin. Up to the present no experiments on this point have 


been carried out, so that the theory of alcoholic fermentation of sugar 
in the animal body is not in the least 
blood and tissues contain traces of alcohol. 3 


When tissues or the juices and poten 


them are treated at 37° with glucose solution in an atmosphere of 
carbon dioxide or hydrogen, provided that the material remains sterile, 


no production of carbon dioxide occurs beyond the small amount obtain- 
able by boiling the tissues with dilute acid. 


2. It is extremely difficult to carry out such an 8 8 


with fresh tissues or the powders prepared from them. under sterile 
conditions, without having recourse to antiseptics. On several occasions 
experiments with fresh tissues have been carried through without 
contamination, whereas, with powders, contamination has 1 18 
occurred. 


3. In the . of antiseptics it is found that no appreciable 


evolution of earbon dioxide occurs during the first five or six hours of 


ineubation. After that period evolution of gas begins, and gradually 


increases. The gas as à rule is a mixture of carbon dioxide and 
hydrogen, and its is 
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which can be demonstrated in the mass, and which are capable of 
fermenting sugar with formation of hydrogen and carbon dioxide. 
4. When a sufficient amount of an antiseptic, such as toluene, is 
added, and the mixture thoronghly agitated, no evolution of carbon 
dioxide and no development of bacteria occur. When small amounts of 
antiseptic are used, and when the mixture is insufficiently agitated, the 
onset of fermentation and bacterial growth is delayed to an extent 
depending on the conditions of the experiment, 
5. There is, therefore, at present no satisfactory el 
evidence that alcoholic fermentation occurs in animal tissues after 
removal from the body. On the other hand, the foregoing experiments 


establish a strong presumption that no such process occurs under the 


conditions 
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THE PRE-PYLORIC SPHINCTER. By E P. CAT HCART. 


From the Laboratory, bu) 


long been known. Wepfer' noted that about the middle of the stomach 
a deep constriction frequently took place. - Spallanzani, Haller, 
Cooper and Sir E Home (cit. Beaumont) in their experiments 
observed that apparently a “transverse” band was present in the 
stomach which on action could divide the stomach into two parts: 
Beaumont however gave perhaps the first complete physiological 
7 description of this so-called transverse band in man: He writes, This 
band is situated near the commencement of the more conically shaped 
part of the pyloric extremity, three or four inches from the smaller end. 
In attempting to pass a long glass thermometer tube through the 
aperture into the pylori¢ portion of the stomach, during the latter 
stages of digestion, a forcible contraction is first perceived at this point 
and the bulb is stopped. In a short time there is a gentle relaxation 
when the bulb passes without difficulty and appears to be drawn quite 
forcibly for three or four inches towards the pyloric end. It is then 
released and forced back, or suffered to rise again; at the same time 
giving to the bulb- tube a circular or rather spiral motion and frequently 
revolving it completely over.“ Then Hofmeister and Schütz' described 
the “sphincter antri pylorici” which they observed in the isolated 
stomachs of animals kept in a moist warm chamber. Other observers 
have confirmed these observations and finally Cannon“ showed by means 
of his bismuth feeding and X-ray method that a similar contraction took 
normal digestion 1 in animals. Hertz“ established 


1 Historia: aguetion, Basel, 1679, cit. Cannon. 
3 Physiology of Digestion, Edinburgh, 1838, p. 104. 
3 Arch. f. exp. Path. u. Pharm. xx. p. 7. 1886. 
Amer. Journ. of Physiol. 1. p. 359. 1898. © 
Brit. Med. Journ. 1. p. 180. 1908. 
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doubt, by the same methods employed by Cannon, that a similar 
segmentation was to be observed during normal digestion in man, This 
observer noted that the constriction may proceed to such a depth as 
to completely caste the antrum pylori from the fundic part of the 
stomach. 

The anatomy of the stomach, with special reference to this transverse 
band, sphincter antri pylorici, or prepyloric sphincter, has been may 
discussed in a paper by the late Professor Cunningham. | 


So far as I am aware the only direct experiments upon this | 


“potential” sphincter are those of ‘Kelling* and Schemiakine’. 
Kelling used two dogs, one with a fistula in the fundic part and 
the other with the fistula.m the pyloric part. He observed that 
when food’ was given the dog with the fundic fistula it ran straight 
out through the cannula, but when given to the dog with the pyloric 
fistula it escaped in an intermittent fashion. Schemiakine carried 
out a few experiments on à dog with one fistula in the fundic and 
another in the pyloric part. He observed, like Kelling, that the flow 
from the fundic fistula was continuous and immediate whereas the flow 
from the pyloric fistula was intermittent and delayed. He tested his 
dog either by feeding with meat, milk or bread or else by running into 
the fundic part a large quantity of 400 or 
chlorie acid 200 cc. 


In the present series of the ‘don were both of 


which liad fundic and pyloric fistule. In both the-.pyloric fistulz were 
situated about the middle of the antrum pylori. There was however a 
slight difference in the situation of the fundic fistulae, as in dog I it was 
only about two. inches from the transverse band (judging from the 


incisura angularis) whereas in the other dog, dog II, it was placed at the 


most dependent part of the great curvature. These e were 
confirmed later on post mortem examination. 

The operative technique which was generally followed was that as 
carried out in Professor Pavloff’s laboratory. The cannula which was 
inserted into the fundic part of the stomach was the large silver stomach 
cannula and that into the pyloric part the small so-called intestinal 
cannula. Both cannule were of the pattern so frequently deseribed by 


Pavloff and his pupils. The following diagrams explain the positions 
of the two sets of cannule in dog I and in dog II. sa 


1 Trans, Roy. Soc. Edin. xiv, p. 9. 1006. 


Arek. f. Verdauungs. Krank. v1. 1900, cit. Schemiakine. 
* Arch. des Scien. Biol. x. p. 1. 1904. 
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: The experiments now recorded were carriet out in three different 
ways, (1) the fluid to be tested was run straight into the fundic part 

anid the tube between the reservoir, and the fundic cannula closed by : = 

. clip, (2) the fluid was placed in the reservoir, which ‘was fixed at a 

constant level (throughout the experiments the level was the same), and 
the connection between the fundus and the reservoir was left free, and; 
(3) the fluid was given to the dog by the mouth. Naturally the only 
fluids which could be tested by the last—the’ normal—method were 
fluids which the dog would drink. As a result of this difficulty the 
test was confined to Liebig extract solutions of various strengths. - 


5 * * 


the other fluids tested series 
of experiments confined to simple solutions. These solutions were, in 
addition ‘to tap water and distilled water, hydrochloric acid in various 

strengths (0°1 /, 0°2°/, and 04% ), sodium oleate (2°/, and 5°/,), sodium 
carbonate (1% , sodium chloride (1°/,), Liebig extract of meat solution 
(0°2°/, to 7%, Witte’s peptone solution (2% , glucose (5°/,) and urea 
(2°/,). Sodium oleate was used as a type of a soluble fatty solution, and 
the solutions of glucose and urea as types of neutral solutions. Ss 

A few experiments were carried out with milk, which gave the 
came result as other Sids, 44 an intermittent flow from the pyloric 

N dee 2% as he was the easier dog to work with. It would stand 
in its frame, lightly suspended, for three hours at a time without dis- 
comfort. Dog Ion the other hand was always restless and attempted 
to get down after about an hour. This restlessness was probably mainly 
due to the fact that the animal knew that, as soon as the experiment 
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was over, it would be fed. It was further noted in dog I, with the fundie 
fistula near the prepyloric sphincter, that, if the pressure were raised, 


there. was perhaps a faster flow from the pyloric fistula than in dog II. 
This was probably due to the fact that the fixation of the stomach near 


the transverse band gave, if one may use the expression, greater leverage 
to the weight of fluid pressing against the sphincter than was the case 
when the fixation was farther away. | 

The experiments which are detailed in this paper are only a few of 
a very large number and are typical of those not recorded. In practically 
every case the solution was tested at least twice, in the majority oftener. 
The experiments dealing with the psychic stimulation were very 
frequently repeated. 


In every experiment before the introduction of the fluid the stomach 


was washed out until the wash water gave no evidence of food rests 
being present. The pyloric fistula was, as a rule, washed out from the 
fundus. In connection with the washing out there was a daily practical 
demonstration of the prepyloric sphincter in action as, unless the pressure 
of water run into the fundie part was high—about 150 to 200 c.c. of water 
run in with the reservoir held well above the level of the dog’s back— 
no washing out of the pyloric part took place. It is true a small quantity 


might run out at once with a lower pressure but no free flow occurred. 


Sometimes even with the high pressure, when no fluid escaped from the 


pyloric fistula, it was noticed that a sudden lowering of the pressure 


A period of from half an hour to an hour was allowed to elapse 
between the preliminary washing out of the stomach and the introduc- 
tion of the fluid to be tested. The experiments were done about sixteen 
hours after the last meal. 


The measurement of the pyloric flow was carried out by fixing ber ; | 
the pyloric cannula a small funnel, held in position by an elastic band. 


which led into a graduated cylinder, also retained in position by means 
| of an elastic band. During the early part of the observation the read- 
Ings were made every minute or half-minute or even at shorter intervals, 


as the experiment demanded ; during the latter part, when, as a rule, the 


flow had fallen off, the readings were made at five-minute intervals. In 
all the experiments it was found that the fluid did not escape from the 
pyloric fistula continuously but in @ series of intermittent little rushes 
or rapid drops. In the early part of an experiment the time between 
the rushes or rapid drops varied from fifteen to twenty seconds but 
later this regularity was lost. Table IV is given, as recorded, in full. 
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A Fluid run into the fundus and the fundic cannula closed. 
The amount of fluid introduced in these experiments varied from 
100 to 400 c.c. It was found that, with the larger amounts, the initial 


loss, de, the amount which escaped from the pyloric fistula during the 
five minutes, was great. After repeated it was 


1. 0.2 / Hydrochloric: acid, 


10 a. m. The stomach was washed out and an howe later 100 HCL was rn 
into the fandus. 


Amount of fluid from pyloric 
57 Flow in a series of rushes. 
25 Rapid intermittent dropping. : 
15 ” * 
Slow „ Fluid glairy. 
3 
— 
0 — | 
0 80 0. o. fluid recovered from fundus. 
0 II. Tap water. 
925 a.m. ‘Stomach washed out, and 96 min later 200, tp water run into fond. 
2 155 Straight rush out. 
5 Slow dropping: clear: glairy. 
6 
8 — 
2 
4 20 ¢.c, fluid from fundus. 


_In another expetimen, using 160 of tp water, on another do, th was th 
Im 24), Sodium oleate 

10.5 am, ‘Slomach out, and 40 min. later 100 co, 2" cli as ron 


into fundus, rash followed hy smaller rushes, 


25 d. 0. from fundus. 
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found that from 100 to 150 cc. of fluid was the most suitable amount. 
This quantity did not put any undue strain or pressure on the stomach 
and prepyloric sphincter. The rate at which the fluid passed from the 
solution introduced. 

Experiments I—III are given as examples, (Here an the 


five-tniunte collection figures are given as they suffice in the present 


experiments to demonstrate the point in question.) 

Under the conditions of the present series of experiments the slowest 
solution to pass was dilute hydrochloric acid and the most rapid tap 
water. An alkaline fluid like sodium oleate stood about * between 
the two. 


B. 
reservoir, kept at d constant level, throughout the experiment. 


It was found that. here the different solutions may be roughly 
separated into two classes, those which leave the fundus rapidly and 
those which leave more slowly. Tap water left fairly rapidly in both 
dogs but, with the exception of one experiment, distilled water left 

slowly in both. Sodium chloride solutions and glucose solution left 
rapidly in dog I, more slowly in dog II. The alkaline solutions sodium 
carbonate and sodium: oleate left rapidly in both dogs but in one 
experiment with dog II, for some unexplained reason, there was a long 
latent period (ten minutes) before the outflow began after the 
introduction of sodium oleate solution. The acid solutions left com- 
paratively slowly in both dogs. Slight variations were of course found 
in repeat or control experiments but with the extremely scanty 
knowledge at our disposal it is difficult to detect the factors which 
interfere. One which was detected was the influence of the time which 
had elapsed from the last meal and the presence of the remains of food 
in the stomach, With reference to the presence of food, if it was 
present in large amount the result which usually followed the introduction 
of a neutral solution like tap water into the empty stomach did not 
always occur. Probably there is a continued secretion of; juice on the 
application of very slight stimuli. Another factor is a eee influence 
which will be referred to late. 

The following tables give examples of the 3 of some of 
the different solutions employed. In Table IV the observations are 
given in eatenso, the others at five-minute intervals 
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7 — * ＋ 
IV. Distilled 


1 


121 0.0. — 


et 222 st 
. amount 66 C. 0.) 


V. Tap water. 


9.50 a.m, Stomach washed out and 50 min. lier 100 0.0, stp water ra into fandus. 


— * Remarks 
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tal 
— 
Ng 
i 
—— 0. 0. water into fundus. 
2 drops 4 
1<.¢, Rapid To and fro movements in | 
— 
6 Rush. 
1212 e. — 
{ 
7 
a 
| In little rushes of drops (about 15 secs. interval). 
To and fro movements 
14 Bush: clear fluid 
1=15.c.c. . Dropping: clear. 
2 ng: clear. 5 
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VI. sodium chloride solution. 
9.30 a.m. Stomach washed “out, and 55 min. later 150 6.6. 1°/, sod. chlor. 
into fundus. 


Mostiy in rashes. 


2 — = 


of fluid recovered from fundus, 
VII. 2% sodium oleate solution. 
10 a m. Stomach washed out, and 52 min, later 100 6.0, 2°/, sod. ol. sol, run into 


Then in 5j- min. intervals, * 0, 0, 1, A, 2, 1%, 0, 2: 
| * To and fro movement active. 48 6. 0. fluid recovered from fundus. 


10 a.m. Stomach washed out, and 40 min. later 100 ¢.¢. 1 % 60d. carb. sol. run into 


To and fro movements very aotive ‘ 


“fo and fo! movements active. 


Ix. 0:2 hydrochloric acid. 
9.45 a.m. Som nd Hl en in 
1111 ᷣ cashes, 


dairy fia: 


it with on sme nil ow hat Yo 


“> 
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constant flow. _ ve 
Dropping slow. To and fro movements active. 
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0. tr oluti: ) by the dog. 


Asi in the previous experiments it was found under these 3 
which more nearly approximate the normal, that the fluid passed from 
the fundie to the pyloric part in a series of rushes. The . | 


X. 02 ½ Liebig extract solution. 


6-min, ‘ Amount of fluid from 
| pyloric Gstula in de. Remarks 
Dog drank 8 0, 0% Lisi lation. 
| 
1=29 Dropping clear fluid. 
12.02 % y 
00 C. e. 
2 1=9c.c. - Dropping fluid. 
Repiddropping, s . 
— 163 2 ” 1 glairy. 


What is a nature of the stimulus which calls the 8 
sphincter into action? The normal duty of this sphincter is apparently 
twofold, (1) to prevent an indiscriminate rush of food from the fundus 
into the antrum pylori which would interfere with digestion, and (2) to 
prevent the back-flow of the digested material, i.. to form a chamber or 
cavity in which digestion and trituration may go on with the minimum of 
loss. So far as I am aware Auer’ is the only worker who, in recent 
tinies, ‘holds that the contents of the antrum are forced back, when 
eontraction of the antrum takes place, into a part of the stomach which 
~ terms the preantrum. Herts on the other hand has recently stated 8 


1 Amer. Journ. of Physiol. XXII. p. 165. 1909. 
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that no mixing of the fundic and pyloric cavity contents occurs. 
Presumably, then this sphingter. is called int action hy some stimulus 
in the stomach or intestine as it opens from time to time to n 
Does the stimulus come from the fundie part, the ane part 
or ‘the: intestine? It has now been demonstrated beyond question 
that acid entering the intestine leads to closure of the pylorus, That 
the same reflex may also act on the prepyloric sphincter i is more than 
possible. I observed that acid passed from the fundic to the pyloric 
cavity (to the intestine ) more slowly than neutral fluids. It was noted 
that following the entry of strong acid (0°2°%/, to 0˙4 %) into the. pyloric 
part, bile appeared as a rule at the pyloric fistula, i.. acid had entered 
the duodenum. (This back-flow of bile will be dealt with in another 
paper.) If the pylorus be closed by the passage of the acid into the 
intestine, and as there is only a limited amount of space in the antrum 
pylori, it is more than probable that the same cause will bring about a 
closure of the prepyloric sphincter in order to prevent undue strain of 
the pyloric part by further passage of fundic contents into it. 

No evidence has 80 far been obtained to show that the pyloric part 
itself has any direct influenioe in bringing about the closure of the ~~ 
prepyloric sphincter. 

On the other.hand, from experiments (see the following Tables X 
and XII) which were carried out with the fundic fistula closed and in 
which the animal drank of his own free- will the test solution (Liebig 
extract), evidence was obtained which suggests that the fundus itself 
exercises a partial control over the prepyloric sphincter. It must be 
admitted that these results might also be referred to the entrance of 
acid into the intestiné because of the ane ee of — 
ees such an entrance. 

The dog was excited in the codinany way by the 3 pe 

Liebig in order to produce a psychic flow of juice, and at the end of 
Six. minutes—the latent period for psychic secretion—it was allowed to 


drink the: solution. The result was that no flow. took place: from the Be 
pyloric fistula during, the first five minutes, then about the seventh Pe 
minute the sphincter relaxed and permitted the passage of a certain 3 
n ‘of fluid. The following table (Table XI) demonstrates this.’ 5 

Now, on the other hand, if the dog be given the solution of Liebig a 
straight away without any previous, psychic stimulation, the initial flow a 


from the pyloric fistula is much earlier, more . and the amount a 
greater. Thus in Table XI. 
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7. 
: 
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1019 — Stomach out. 3 
Note 
=10 .. — — 


Thin and glairy. 
Rosh of thin glairy 


‘ 
> 0 
é 
* 
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8 
2 
8 
4 3 
80 5 
Slo 
— 
“10 24 0.6, recovered from fundus. 


of fluid from : wis 


Drank 100 0. 0. 4% Liebig solution. 
Rush. _ 


fluid. 4 
Glairy fluid dropping. | 


=16 c.c. 
— 
Slow dropping. 
| Rapid intermittent flow. 


S088 


— 
* 
* 


By 0.0, recovered n fundus. | 
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It will be noted that there was ot pst 


started a minute after drinking. 


Is the acid present in the gastric secretion, following the -psychic 
stimulation, the active agent in causing contraction of the prepyloric 
sphincter? So far no absolute proof has been obtained to show that the 
acid is the stimulus. On the other hand if the-stomach be washed out 
with ‘an alkali before allowing the dog to drink, the flow from the 
pyloric cannula is much more rapid. The two following experiments 


are interesting as they demonstrate the power of the psychic stimula- 
tion—whether sous be by the chemical action of the acid or * nerve 


reflex, 
XIII. No ‘peychic 
10.5. Stomach washed out, and 45 min. 


later 100 c.c. 2 % sodium oleate run into 


Amount of fluid from : 

fistula in ec. 

70 Big rush. 

10 

1 

— 

1 

1 25 ¢.c. from fundus. 


Stomach now washed out 3 times with 
water. 11.80: dog drank 100 0. o. 6 


& 


‘The same result was obtained even if the . were not 8 


10.0: Stomach washed out. 10.50: 1000. o. 


2% sodium oleate run 88 fundus. 
Fundio fistula closed. 


fluid from 
ere tal Remarks 
44 Big rushes. 
8 Rush and dropping. 
2 
1 
2 — 
1 24¢.c.recoveredfrom — 
fundus. 


Stomach washed out 8 times with water. 
11.59: Psychic stimulation (6 min.). 
12.05 : Drank 100 0.0, 5 %% Liebig solution. 


out with water after the removal of the alkali. 


na 


o. Note absence of flow. 
3 Little rush at 13}. 
18 Rub. 
2 
9 — 
51 recovered from 
fundus. 
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If the pyloric part cannot be shown to play any part in the closure 
of the prepyloric sphincter it would seem probable that one of the factors 
which bring about: the opening of this sphincter is the regurgitation 
of intestinal contents into the antrum. pylori. Considering one of. the 
probable uses of the sphincter—to keep back too great an inrush of acid 


from the fundus, so great that it cannot be neutralised by the alkaline 


secretion of the antrum before passing on into the duodenum—it' does 
vot appear improbable that the entrance of an extra alkaline juice into — 
the antrum should bring about the opening of the sphincter with a 
resultant smart flow of fluid. The following experiment with sodium 
chloride solution (1% ) seems to demonstrate this point. Previous work 
by Lönquist“, which I have confirmed, showed that such a solution 


could evoke a flow of juice and thus lead to a contraction of the 


prepylorie sphincter and therefore a retention of fluid in the fundic 
part. Suddenly (see Table XV), by a regurgitation of intestinal fluid 
into the antrum, the reaction of this cavity is rendered strongly 


alkaline with the result that the sphincter * and — is ‘a rush 


of fundie contents. 


XV. 

Tine Remarks 
10.0 ‘Stomach washed ont 
11.00 18 

1282 ¢.0. Rapid dropping. 
6 2 Slow dropping. 
7 4 Slight rush. 
74 Bush + bile. 
8 oa Little spurt of bile. 
83 6 Bile and fluid: rapid flow 
9 8 Spurt of bile and fluid. 
94 Bile dropping steadily. 
10 1224 0.0. Bile and fluid. 
15 6 Trace of bile. 
20 1 Slow dropping. 


0, 1, 1, 0, 0, 1, 0, 1. bem 
Finally the to and fro movement which was observed practically 


constantly in the reservoir in connection with the fundus has absolutely 
i nothing to do with the rushes of fluid from the pyloric fistula, te. with the 


—_— of the prepyloric sphincter. The most active to and fro move- 
1 Physiol. p. 194. 1906. 
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ment has been observed when not a single drop of uid | was escaping 
from the pyloric fistula and, on the other hand, often when rushes of fluid 
have been most frequent no to and fro movements were noted in oe 
reservoir.’ Table VIII demonstrates. this observation very — 


In 8 I wish to offer my heartiest shone to Mr A. 8 
for his invaluable help both in the operations, in the after care of the 
animals and in the experiments. These animals require much after 
care if they are to be kept F and as — 
Watson gave unsparingly. 

The expenses of the investigation wats defrayed bya grant from nthe 


00 The presence sof the prepyloric sphincter can be 1 demon 
strated 

(2) The prepyloric sphincter responds differsitly to 
solutions. 

(3) The psychic stimulation 6 accompanied by an active state of 
the prepyloric sphincter. 

(4) The degree of acidity of the contenta ofthe antrum pron may 
also play a — in the e of the prepyloric — 
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ON ‘THE RELATION BETWEEN THE BIC, 
. CHEMICAL AND ELECTRICAL PROPERTIES OF 

_ THE NERVES. PART IV. POTASSIUM, CHLORINE 
POTASSIUM. CHLORIDE. Br N. H. 
DSo, d. ROCHE LYNOH. 


We have in a previous paper III.) that the unt 
various inorganic bodies in the ash of nerves gives no measure of thé 
electrolytes in the original tissue. To some extent a similar objection 
applies to the determinatioi-of the total amount of any base or acid, 
but this procedure has one advantage, namely that if the total amount 
of any constituent is known, a maximum value can be given for the 
concentration of the electrolytes of which this substance forms a part. 
This maximum value may or may not have any interest from ‘the 
theoretical point of view. In the case of sulphur and phosphorus, 
given in our last paper, the maximum values calculated in this way 
are obviously far in excess of what could be regarded as present in any 
electrolytic form and therefore do not come further into our present 
inquiry. But both chlorine and potassium belong to a somewhat 
different category, and as they have been the subject of experiment 


. and theory the estimation of these substances forms ers natural 
continuation of our former experiments. 
of 


Method. These estimations were made by Macallum’ 8 3 

of Finkener’s method (1). This consists in heating the substance with 
- concentrated sulphuric acid in a platinum capsule until the liquid is 
8 clear and colourless. The excess of H, S0. is driven off by heat, and 
a the residue heated to dull redness to remove ammorid com} pounds. 
This residue is then dissolved in ammonia-free distilled ‘water; 2 to 
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5 ccs. of strong HCl added, and then considerable excess (more than 
twice the amount required to combine with the potassium) of a 10% 
solution of platinic chloride. The liquid is then evaporated down until 
the bulk does not exceed 2 c.cs., 40 Cc. cs. of absolute alcohol added and 
two hours later 20 c.cs. pure dry ether. Two hours after this the clear 
liquid is decanted, and again the same amounts of alcohol and ether 
Be added. This procedure is repeated five times. After the last decantation 
. the residue was evaporated to dryness on a water bath, and when dry 
was heated strongly in an atmosphere of dry hydrogen or coal gas free 
from sulphur. The precipitate was then cooled, dissolved in distilled 
water, and heated again. The residue is presumably pure reduced 
platinum, and is estimated gravimetrically in the usual way, an ashless 

filter paper being used, as the a platinum is ama — in 
very fine particles. 
Employing this method for nerve fibres it was found that the large 
amount of organic matter required a very prolonged heating with 
_ sulphuric acid, even when Nordhausen acid is used. During this 
time it was not always easy to prevent loss by frothing or spurting. 
Kjeldahl tubes made of Jena glass were therefore used for some of the 
determinations,. These tubes were open to the objection that a small 
amount of potassium might be dissolved from the glass (owing to the 
presence of phosphoric acid), and be estimated along with the nerve. 
For this reason a silica flask was procured but the precaution did not 
seem to be necessary as the estimations in the glass flasks agreed 
(within the general limit of error 0 the experiments) with those in 
platinum and silica vessels. 
' Under the conditions we have employed this method the accuracy 
is approximately 1 part in 100. Preliminary experiments on m/10. KCl, 
which ‘was titrated at 746% KCl, gave by the Finkener-Macallum 
method (a) ‘T41 %, (6) 750 % —an accuracy amply sufficient for our 
purpose, as the individual nerves from different animals show a 
considerably greater variation than this. In the casq of connective 
tissue the amount of potassium is so minute chat the estimations were 
made ‘only to the same decimal place as in the tase of the nerve 


This was — by the usual Carius method, ood the resulta. may 


be 1 regarded as correct to about 1 part in 100. The variations in the 
chlorine content i in the o nerves would appear to be rather greater than 
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in the case of potassium. Examples are given in Table II. Exps. 16 
(286 / Cl) and 17 (286 / Cl) are from the same nerve, divided into 
two parts; Exps. 14 (256 % Cl) and 15 (241% Cl) from the nerves of 
different animals, The nerves of any given animal may therefore 
differ considerably from the mean (267 / Cl), and this must be borne 
in mind if comparisons are made between the electromotive phenomena 
(which also vary in a similar manner) and the chemical composition of 
the tissue, The mean of the present results is (probably from this 
cause) slightly higher than that of the preliminary figures in Part I. 


TABLE I. Potassium—as per- TABLE IL Chlorine percentage. 


— s of original weight of Median nerve trunk. 
the tissue. Exp. 01% 
Median nerve. 10 "237 
10 1¹ 206 
17 12 248 
2 135 18 250 
8 129 Mean 275 
129 
14 256 
Splenic nerve. 
16 286 
5 178 
17 286 
7 184 267 
Mean 
18 366 
- Connective tissue. 19 "288 
x 036 20 333 
9 0⁵0 21 343 


The small amount of K and the comparatively large amount of CI 
in connective tissue is noteworthy. 
So far these tables have given the direct result of the analyses. 
But without any hypothesis and still keeping strictly to experimental 
facts, these figures yield further information. 
Take first the median nerve. Ellison has shown that a cleaned 
median nerve in the horse has the composition 
(>) 63 parts connective 
parte nerve fibres = | 
PH. XL 8 


2 (a) 100 parts median 
nerve trunk) 
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Nom in the above tables we have determined separately the 
percentage amounts of potassium and chlorine in connective tissue 
(b) and in nerve trunk (a), and therefore by a very simple calculation 
we can determine (e), that is, the percentage amount of potassium and 
chlorine in the nerve fibres themselves. These analyses do not tell 
us how the potassium and chlorine are combined but if all the chlorine 
is supposed to be combined with potassinm we can give definitely the 
highest possible value of potassium chloride in the nerve fibre as a 
whole, 
Further, none of our experiments show in what part of the nerve 
fibre potassium and chlorine are present. But if for the moment we 
suppose that they are all present in the axis cylinder and none in the 
me dullary sheath we can then give maximum values for potassium, for 

- chlorine, and for potassium chloride in the axis cylinder (Table III). 


0% K Cl KOI 
Whole median Not greater 
nerve trunk “132 „ than 252 
Nerve fibres Not Not less than 
only -284 176 then 570 K= 090 
Axis cylinder Not greater Not greater Not greater 
only than 117 than 722 than 1°52 K =? 7 


We would like to point out that the accuracy of this table depends 
only on the accuracy of the analyses themselves and is independent of 
any hypothesis. As connective tissue is so poor in K,and comparatively 
rich in Cl, the nerve fibres when considered alone are shown to have a 
large excess—half as much again—of K over Cl. 

The table shows also that in the axis cylinder of a medullated 
nerve fibre the percentage of potassium is not greater than 1°17, of 
chlorine 7 22, of potassium chloride 1-52; the amounts may be less, they : 
cannot be more. ae 3 5 

A similar table Table IV—can be constructed for the splenic nerve, 
except that in this case we are only able to give the figures with 
certainty for the whole nerve fibres as it was not possible to give a 
numerical value to the delicate sheath that surrounds non-medullated — 
nerve fibres. 

Tn the last column of both tables are to be found the amounts of K 
for which there is no Cl to combine. For the whole medullated nerve 
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fibre the amount cannot be less than 090 % K; for the non - medullated 
235% K. For the axis cylinder of the medullated nerve the amount 
may be either greater or less than 37 / K according to the relative 
distribution of K and Cl between the — sheath and axis 
cylinder. 


TABLE IV. Splenic nerves. 


K % 01% KCl % over™ 
Splenic nerve Not greater 
trunk 1178 267 than 340 
Nerve fibres Not greater Not less than 
only 381 154 than °324 ‘211 of K 
Comments. 


The results that are of most theoretical interest are the maximum 
values given for the axis cylinder of medullated nerves. All physio- 
logists are agreed that this part of the nerve fibre is concerned in the 
transmission of the nervous impulse, the negative variation and the 
injury current, and it is the proportion of electrolytes here, rather than 
in the whole nerve, that requires to be determined with exactness. _ 

We are not entitled from the experiments recorded in this paper, to 
do more than give the maximum values of 1:17°/, K, 722% Cl and 
1°52°/, KCl as possible for this part of the nerve. But it is quite 
legitimate when these values have been obtained to take the other 
work that has been done on nerve fibres into account, and to consider 


how far these maximum values represent the true values. It seems 


probable that those latter are considerably Jess than the former. As 
regards the chlorine, the case is perhaps doubtful. Both Macallumae,» 
and MacDonald find this substance only in the axis cylinder and 
for the present we may take their conclusions as possible. But in the 
case of the potassium we see no reason for discarding Macallum’s 
observations as to the presence of this in the medullary sheath. If the 
precipitate he obtains indicates any sensible quantity of the metal, 
then the value of 1°17 °/, for the axis cylinder must be proportionately 
reduced, how much we cannot say. As regards the compound KCl, 
not only may the petassium be reduced, but at any rate some of the 
chlorine must be combined with the sodium which we know to be 
present. Our analyses of this substance are only in the preliminary 
stage, but there is certainly some, so that here again the maximum 
value of 1˙52% KCl is probably in excess of the true amount. 
8—2 
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We can say with certainty that in the nerve fibre as a whole there 
is a considerable quantity of potassium which cannot be combined with 
chlorine. But we are not entitled to make the same statement with 
regard to the axis cylinder. It is not at all unlikely that such is the 
case, but on this point we prefer to reserve our comments. | 


CONCLUSIONS. 


(1) The percentage of potassium in connective tissue is 043 /,; 
in medullated nerve trunks 132% ; in non-medullated nerve trunks 
178%; in medullated nerve fibres ‘284°/,; in non-medullated nerve 
fibres 301% ; in the axis cylinder of medullated nerves not greater 
than 1°17 

(2) The percentage of chlorine in connective tissue is 333 /; in 
medullated nerve trunks 275%; in non-medullated nerve trunks 
‘267 % ; in medullated nerve fibres ‘176°/,; in non-medullated nerve 
fibres 154% ; in the axis cylinder of medullated nerves not greater 
than 722%, 

(3) The percentage of potassium chloride is not greater than ‘370 °/, 
in me ꝗullated nerve fibres; 324% in non-medullated nerve fibres; 
152% in the axis cylinder of medullated nerves, 

(4) The above maximum possible amounts are . in excess 
of the true values. | 
(5) In both medullated and non- medullated nerve fibres there is a 
considerable amount of K not combined with Cl. 


The expen of reach have ben defrayed in prt by grat fom the Boy 


(1) Macallum and Benson. Journ. Biol. Chem. vl. p. 87. 
_ (2) Macallum. This Journal, XXII. p. 95. 
(3) Macallum and Menten. Proc. Roy. Soc. B. ee 
(4) MacDonald. Roy. B. xxix. p. 12, 
(5) Ellison. This xxxix. p. 897, 
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sor OBSERVATIONS ON THE DEGENERATION IN 
THE SYMPATHETIC AND SACRAL AUTONOMIC 
NERVOUS SYSTEM OF AMPHIBIA FOLLOWING 
NERVE SECTION. By J. N. LANGLEY, F.RS., Professor 


of Physiology in the University of er AnD L. A. ORBELI, 
M.D., St Petersburg. 


(From the Physiological Laboratory, Cambridge.) 


THE observations were chiefly made on toads, but a few were made on 
frogs. The animals were etherised and antiseptic precautions taken. 
In the case of the Ist, 2nd and 3rd spinal nerves, the nerve roots were 
cut; in the case of the 6th, 8th and 9th nerves, the nerves themselves 
were cut outside the vertebral column and centrally of the rami 
communicantes, The nerves were cut and examined on one side only. 
After time had been allowed for degeneration, the animal was killed, 
the sympathetic chain with the rami communicantes and a portion of 
the spinal nerves were removed and placed in 1 p.c. osmic acid for a 
day, the sympathetic and attached nerves were then washed, placed in 
water, and portions teased out in dilute glycerine. The nerves need 
not be teased out at once. After they have been kept for months in 
water, the nerve fibres can still be readily isolated and the degenerated 
fibres counted; the non-medullated fibres however become less distinct. 

When the nerves are examined at the proper stage of degeneration 
there is no great difficulty in counting the number of degenerated 
fibres in the portions of the sympathetic chain which lie between the 
ganglia. Not infrequently small groups of nerve cells are present in 
these portions, but they do not as a rule seriously interfere with the 
teasing. In the ganglia the counting is more uncertain, especially in 
the larger ganglia, for if the ganglion be not thoroughly teased, the 
small degenerated fibres may be overlooked and the number found be 
too small, whilst if it is thoroughly teased some of the fibres are broken 
and the number found is apt to be too large. 
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The sympathetic ganglia of the toad are, as is well known, sessile on 


the spinal nerves. In separating a ganglion from its spinal nerve care 


must be taken that none of the fibres of the nerve are detached with 
the ganglion. It is advisable to examine the isolated ganglion under a 
low power of a microscope before it is teased so as to make certain that 


such fibres are not present. 


The rami communicantes of the frog present no difficulty, but those 
of the toad are nearly always too short for satisfactory examination. 
Although for our purpose it was not necessary to determine the 


exact number of degenerated fibres, we have taken some pains with the : 


counting, and when we give definite numbers, they may be taken as 


accurate, subject to the possibility that the products of degeneration of 


some fibres had been completely absorbed. It has been mentioned by 


one of us earlier! that the degeneration products are more quickly 


absorbed in small fibres than in large ones, so that the optimum time 
for observation is not the same for fibres of 2 and of 4 to 8 % in 
diameter. At a time when all the latter still have deep black droplets 
of myelin, the former have no myelin left, and the degeneration is 
chiefly shown by rather sparse clumps of small yellow brown granules, 
probably of keratin; the fibres have become spindle shaped (the 
swellings being at the nuclei) and they easily break on teasing. When 
this condition is pronounced, counting is untrustworthy. 

In a good many of our experiments rather too much time was 


allowed for degeneration. The rate of degeneration was distinctly 


slower in the toad than in the frog, and was not quite the same in 
different animals of the same species. 


It is to be borne in mind that the degenerated fibres of a ramus 


‘can only be followed upwards or downwards in the sympathetic as far 


as they remain medullated, and consequently that if any fibres lose 
their myelin sheath before they reach the ganglion in which they end, 
the ganglionic connection of the fibres will appear less than it really is. 
In many of our observations the number of degenerated fibres was very 
few. It has been shown by Mayer? that degenerated fibres are 


occasionally Present in normal cerebro-spinal nerves. The same may 


be the case in the sympathetic. Consequently when one or two fibres 
only are found after section of a nerve, it does not necessarily follow 
that they have degenerated in consequence of the section. 


1 Langley. This Journal, xxxvit. pp. 511, 512. 1909. 
1 8. Mayer. Sitzb. d. Akad. d. Wiss. in Wien, uxxvu. Abt. m1. 1878. 
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Section f the roots of the lot spinal nerve (hypoglossal). 


Six experiments were ws all of them on toads. The time allowed 
for degeneration was :— 


Exps. 1, 2—41 days. Exp.3—42days. Exps. 4, 5, 6—46 days. 


In each case the severance of the nerve was confirmed by microscopic 
examination: a large majority of the fibres in the trunk of the nerve 
was found to be degenerated. The nerve cells of the Ist sympathetic 
ganglion stretch up amongst the nerve fibres for a short distance from 
the upper end of the ganglion, and scattered small groups of cells may 
occur nearly up to the vagus. Between the Ist and 2nd ganglia in the 
toad, the nerve cells are usually continuous and this portion is difficult 
to tease satisfactorily. 

The sympathetic chain between the vagus ganglion and the 3rd 
sympathetic ganglion was cut into pieces and each piece teased out. 

In Exps. 1, 4, 5, 6 no degenerated fibres were present. In Exp. 2, 
one large degenerated fibre (6 to 8 h) was found in the teased out 
preparation of the Ist sympathetic ganglion ; since it was not present 
in the sympathetic above or below the ganglion, and since fibres of this 
size do not pass from the anterior roots to the sympathetic, this fibre 
may safely be taken to have been detached from the spinal nerve. In 
these five cases then, section of the anterior roots of the Ist spinal 
nerve did not cause degeneration of a single fibre in the sympathetic. 


The result confirms the conclusion we reached experimentally in the 


frog’. We found that the Ist spinal nerve had no effect on the iris or 
on the heart, and concluded that this nerve sends no fibres to the 
sympathetic. 

In one case however—Exp. 3—slight degeneration was present. In 
the sympathetic a little above the Ist ganglion (in which region many 
nerve cells were present), there were three obviously degenerated fibres. 
We estimate that the original diameter of one of these was about 4 u, 
and of the two others, 3 to 44; besides these there were three fibres 
with scanty yellow granules which may have been degenerated fibres of 
about 2 in diameter. In the Ist sympathetic ganglion there were 
about the same number of degenerated fibres. We did not however 
succeed in tracing these fibres to the Ist spinal nerve. In the portions 
of the rami communicantes which remained attached to the Ist 


1 Langley and Orbeli. This Journal, XII. p. 450, 1910. 
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sympathetic ganglion, there was no degeneration ; this fact is not 


quite conclusive since it is possible that in separating the ganglion 
from the nerve a small bundle of the ramus containing degenerated 
fibres may have remained attached to the nerve. Still it suggests that 
the degeneration was independent of the section of the roots of the Ist 
spinal nerve; further, two small degenerated fibres were found in the 
rami of the 2nd spinal nerve, though no degeneration (on a somewhat 
cursory examination) was seen in the 2nd spinal nerve itself. 


Section of the roots of the 2nd spinal nerve, and of these with 
more or less of the roots of the 3rd nerve. 


Two experiments were made on the toad: 


Exp. 7. Roots of 2nd nerve cut 45 days. 

Exp. 8. Roots of zud nerve, and part of roots of 8rd nerve out 49 days. The injury 
to the roots of the 3rd nerve was accidental. It was found on teasing out a portion of 
the 8rd nerve that degenerated fibres, though not in great number, were present. 


The number of degenerated fibres found in the e is 8 


in 2 following Table. 
Number of degenerated fibres 
Exp. 7 Exp. 8. 
Between vagus and Ist ganglion 11 0 
Between 2nd and 8rd ganglia 22 18 to 20 
Between 8rd and 4th ganglia — 16 
Splanchnie nerves 10 
Between 4th and 5th ganglia 7 12 
Between 5th and 6th ganglia eee . 10 
Between 6th and 7th ganglia 0 6 
Between 7th and 8th ganglia 0 1 
Between 8th and 9th ganglia 0 0 


droge Which: mad have 
been a degenerated fibre. 
* The degenerated res were confined to the branches from the region of the 4th 


The Ist and 2nd ganglia were continuous; in the upper part of the composite ganglion, | 


i. e. in the region of the Ist, some degenerated fibres were present. In the 2nd nerve 
there were many degenerated fibres, but less than a half; in most of the fibres the 
degeneration was much less advanced than in the sympathetic. The 1st and 4th nerves 
were normal, The 8rd nerve in Exp. 8 contained as has been said some degenerated 
fibres. The spinal nerves were only roughly teased out. 

A few of the fibres counted contained yellow-brown granules but no myelin globules ; 
in Exp. 8 the teasing was less complete than in Exp. * co that possibly in Exp. 8 the 
number was slightly underestimated. 
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One discrepancy in the results must be pointed out. We should 
have expected to find more degenerated fibres between the 2nd and 
3rd ganglia and in the splanchnic nerves in Exp. 8 than in Exp. 7. 
Whether the discrepancy was due to some error on our part or to 
individual variation in the animals we are unable to say. But certain 
conclusions may fairly be drawn. 

We may reasonably infer that in the toad the anterior roots of 
the 2nd. nerve contains nerve fibres which end in the Ist to the 
6th sympathetic ganglia inclusive, and also some which end in the 
ganglia on the course of the splanchnic nerves. The 6th ganglion 
sends nerve fibres to the upper reno-genital arteries, In our experiments 
on the frog (op. cit. supra) we did not specially investigate the action 
of the 2nd nerve upon these arteries but found a weak effect on 
stimulating the 3rd nerve. The fact that in the toad two fibres were 
found passing from the 2nd nerve to the 6th ganglion suggests that the 
2nd nerve sometimes at any rate may have a feeble effect on the upper 
reno-genital arteries. 

We may also reasonably infer that the anterior roots of the 3rd 
nerve contains nerve fibres which end in all the ganglia of the 
sympathetic chain with the possible exception of the 9th. It may 
be recalled that local contraction of some of the arteries of the web of 
the frog has been observed by one 8 us! on stimulation of the 3rd 


nerve. 


It appears chat in . the 3 of fibres given off by each 
nerve to the successive ganglia diminishes from the ern ganglion 
downwards. 

We have seen that in Exp. 8 no degenerated 8 were found in the 
sympathetic at its junction with the vagus, and in Exp. 7 only one was 
found. Now degeneration can be traced for a considerable distance in 
descending fibres, 7.¢. these do not soon lose their myelin sheath ; it is 
probable, then, that if the ascending fibres ended in ganglia outside 
the sympathetic chain they would retain their myelin in the short 
course up to the vagus ganglion. Consequently we may take it as 
probable that practically all the ascending fibres end in the ganglia of 


the sympathetic chain, as they do in the mammal. As regards tbke 


accelerator fibres of the heart, this conclusion was deduced some time 
ago by Langley 1285 Dickinson“ from the effects produced by 
nicotine. 


1 Langley. This Journal, XII. p. 483. 1011. 
2 This Journal, x1. p. 278. 1990. 
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Section of the th nerve centrally of its rami. 


The chief interest of the observations on the 6th nerve was to 
determine how far the fibres of its ramus ran upwards in the sym- 
pathetic trunk, and whether it sent any fibres to the splanchnic nerve. 
The 6th nerve was cut outside the vertebral column, centrally of the 
ramus communicans, so that degeneration was caused in the fibres 
arising from the spinal ganglia as well as in those arising from the 
spinal cord. The time allowed for degeneration was as follows :— 


- Toad. Exp. 9. 51 days. Frog. Exp. 13. 42 days. 
Exp. 10. 52 days. Exp. 14. 43 days. 
Exp. 11. 52 days. 7 : Exp. 15. 46 days. 
Exp. 12. 52 days. i Exp. 16. 48 days. 


In the toad no special attention was paid to the rami communi- 
cantes ; in the frog they were teased out and were found to have in all 
cases an appreciable number of degenerated fibres. Except in Exp. 13, 
however, the normal fibres were in a considerable majority. We may 
conclude then that as a rule the ramus of the 6th nerve contains 
considerably more post-ganglionie than pre-ganglionic fibres. 

In no case was there any sign of degeneration in the sympathetic 
just below the 4th ganglion apart from filaments obviously running to 
the splanchnic nerve, hence in all probability the 6th nerve sends no 

fibres to the 4th or to any higher ganglion. 
The condition elsewhere varied; the results are given in the 
following Table (p. 119). 

It appears then that the 6th nerve sometimes sends no fibres 
upwards in the sympathetic, sometimes it sends a few, or as many as 
a dozen or more. The upward running fibres do not as a rule continue 
their course in the splanchnics as medullated nerves ; probably one or 
two run to the upper reno-genital artery, and most of them end in 
connection with the cells of the 5th ganglion. The size of a few of the 
fibres in the reno-genital nerves show that they are afferent fibres. 

Degenerated fibres were in all cases followed down to the 8th 
ganglion and to the 9th when this was not fused with the 8th. The 
number of descending fibres varied ; the maximum found between the 
6th and 7th ganglia was about 22. The number decreased in 
down, as a rule there were about 5 between the 8th and 9th ganglia. 
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Number of degenerated fibres 


Exp. Between 5th and 6th sympathetic ganglia In splanchnic nerves » 
Toad 9 Some (not 

10 4 to 5 0 

11 Small some Ares 0 


too far advaneed for counting. In a 

branch from the 5th ganglion to a 

generated fibre 


12 Some 2 counted). In the branches from 0 
6th ganglion to the reno-genital 
pos there were 4 to 6 degenerated 
fibres 
Frog 13 1. Also one large fibre (6—8 » in diameter 0 
degenerated in a from the 6th 
ganglion to the reno-genital arteries 
14 A dozen or more; degeneration too far 4 
Ä more 
ee in the rami 
15 0 ae 0 
16 vas One or above the 
8 5th ganglion which 
may have gone either 


Section of the 8th nerve centrally of its rami. 


The operation was performed on 8 toads and on 2 frogs, the time 
allowed for degeneration being as follows : 


Toad. Exp.17. 43 days. Toad. Exps. 22, 23. 52 dire: 

| Exp. 18. 45 days. : Exp. 24. 53 days. 
Exps. 19, 20. 48 days. Frog. Exp. 25. 204 days. 

Exp. 21. 51 days. Exp. 26. 46 days. 


The 8th sympathetic ganglion and the sympathetic trunk just above 
and below it were teased out ; in the frogs the ramus was also teased. 
The number of degenerated fibres in the ganglion could not in most 
cases be accurately counted. 

The results are given in the following Table (p. 120). 

We may first consider the experiments upon the frog. It is clear 
that the 8th nerve differs from the 2nd, 3rd and 6th nerves in its 
relation to the sympathetic. Even with a considerable posterior shift 
of the nerves it sends few or no fibres to the sympathetic. The results 


are such as might have been expected from the results which we 


obtained in nerve stimulation; they do not e decide the points 
left doubtful by the 3 method. 
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Number of degenerated fibres in the sympathetic. 
Exp sth genglion Remarks 
Toad 23 1! 1}. 0 
17 1) 83 2 Scattered nerve cells between 
Sth and 9th ganglia 
24 — — 100 3 Degeneration far advanced 
18 0 some about 6 
21 0 n @ few a few 
22 — about 8 | 
19 ee some about 20) The trauma of the 8th nerve 
Frog 25 0 0 0 
26 0 0 0 


1 These fibres were about 4 in diameter. In the other cases no count was made 
the number of fibres of different sizes. 


In Exp. 25 the ramus of the 8th nerve contained no degenerated fibres. 

In Exp. 26 the piece of nerve cut out of the middle of the ramus contained 1 de- 
generated fibre of about 4 u, and 5 smaller degenerated fibres, the latter were together in a mS 
small nerve bundle. These degenerated fibres were not traced in either direction. The aa 
central end of the Sth nerve with its attached fragment of ramus was teased out, all the 2 
fibres of the ramus which were seen were normal, they were readily distinguished from 
the degenerated fibres of the 8th nerve. The lumbo-sacral plexus was of median b type’, 
the 10th nerve was larger than the 7th. 


In the toad the case was somewhat different. Here there was not : 
complete absence of degeneration in the 8th ganglion in any experiment, Be 
though in one experiment only one degenerated fibre was found and in Ee 
another case only three. This suggests that in the toad the 8th nerve | 
commonly sends a few fibres to the sympathetic. Some of the de- 


generated fibres were certainly afferent since they were 5 to 7m iu a 
diameter, whether the others were afferent or efferent the experiments? 4 
do not satisfactorily decide. A more frequent presence of pre-ganglionic a 
sympathetic fibres in the 8th nerve of the toad than in that of the frog * 
might be expected from the difference which exists in the lumbo-sacra! 
plexus of the two animals. In the toad the 7th nerve is relatively. 4 


smaller than in the frog and the 8th relatively larger. But although _ 
the experiments suggest that the 8th nerve in the toad usually sends a 
a few more fibres to the sympathetic, there are two facts to be borne in 

mind. The 8th ganglion has sometimes aberrant nerve cells stretching | 
along the rami a short way up and down the 8th nerve. If in cutting i 
the 8th nerve, the section passed peripherally of any such nerve cells 


* Of. Langley and Orbeli. Op. eit, p. 452. 
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and their post-ganglionic fibres were medullated, some degeneration 


would be caused in the sympathetic. The nerve was usually cut 3 to 
4 mms. from the sympathetic ganglion, but in the cases (Exps. 19 and 
20) in which most degeneration was found in the sympathetic, the 
section was nearer the ganglion and the traumatic — 


extended to the level of its upper end. 


So far we have been considering the sympathetic system. In the 
ease of the 8th nerve the question arises whether it sends nerve fibres 
to the bladder and rectum not by the sympathetic but by the sacral 
autonomic nerves. By the stimulation method we found (op. cit.) that 
in the frog, efferent sacral autonomic fibres were commonly, at any rate, 
absent. By the degeneration method we have only attempted to 
arrive at a first approximation to the answer of the question. In 
removing the nerves from the body, the branches given off by the 
lumbo-sacral plexus were cut a few millimetres from the plexus, but 
the peffpheral distribution of the branches was uot determined, so that 
in most cases it was uncertain whether they ran to the bladder or 
rectum (pelvic nerves) or to the compressor cloace and external sphincter 
of the anus (pudic nerves). Under the microscope the former can 
usually be distinguished by their containing a smaller proportion of 
nerve fibres more than 4 ½ in diameter, but since one nerve branch may 
contain both pelvic and pudic fibres, we think it better to give the 


: number of degenerated fibres found in all the branches together. 


Fibres 5 to fy Fibres about 44 Fibres about 2 
Exp. diameter in diameter in diameter 
18, 21, 22, 23 0 0 0 
25 (frog) 0 21 0 
26 (frog) 1 0 0 
24 1 0 0 
17 2 1 21 
20 4 0 0 
19 2! 1 0 


4 lower small branch given off by the soiatic which may have belonged to the 


_ ischio-coceygeal plexus had four degenerated fibres all above 43 in diameter. 


In several cases the first branch given off by the sciatic below those forming the pelvic 


and pudio nerves were examined, it contained degenerated fibres, varying in number from 


about 80 to 50. 


It will be seen from the Table that in the 10 experiments there was 
no case in which there was certain degeneration in either pelvic or 
pudic nerves of any fibre of about igs in diameter, is. of the size of 
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the majority of efferent’ autonomic fibres. In five cases however and 
possibly in six, there were one or more fibres of larger diameter than 
2 u, most of these were undoubtedly not efferent autonomic fibres; they 
may have been either afferent fibres of pelvic or pudic nerves, or rent 
fibres for the striated muscle supplied by the pudic nerves. We did 


not find any relation between the presence or absence of — , 


fibres and the type of the lumbo-sacral plexus. 


Section of the 9th nerve centrally of its rami. 


The operation was performed in two toads (Exps. 27, 28). The 
time allowed for degeneration was in each case 44 days. The effect on 
the nerve fibres of the ischio-coceygeal plexus was in striking contrast 


to that of the section of 8th nerve. The great majority of the fibres of 
the ischio-coecygeal plexus were degenerated. The number of sound 
fibres differed in the two experiments in correspondence with the size 


of the 10th nerve. 

In Exp. 27 the lumbo-sacral plexus did not receive a branch from 
the 10th nerve; in the pudic and pelvic nerves only 10 normal fibres 
were found, seven of them being in the filaments given off by the 
9th nerve before its junction with the 8th and five of these running 
close together; possibly these arose from the sympathetic ganglia. 

In Exp. 28 the 10th nerve sent a branch to the lumbo-sacral plexus 
and the normal nerve fibres in the ischio-coccygeal plexus were more 
numerous, Anatomically the plexus arose from the 9th and 10th 
nerves, so that it is unlikely that any of the normal fibres arose from 
the 8th nerve. 

As regards the~sympathetic, i in one case no degeneration was 3 
in the 9th ganglion; in the other the 9th ganglion contained one 
degenerated fibre 6 to 8 in diameter, one of 2 to 3 uh, and two or three 
fibres with yellow granules which may have been degenerated fibres 


of 24. The rami could not be adequately teased out, but a few normal | 


fibres were followed from the rami into the central end of the 9th nerve, 


the great majority of them running peripherally. Apart from the 


fibres of the rami, no normal fibres were seen in the 9th nerve. 


1 We speak of ‘efferent’ autonomic fibres to avoid misunderstanding, although 


afferent W at Se ‘advantage in ‘autonomic’ and 


somatic.’ 
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SUMMARY AND REMARKS. 


The degeneration following nerve section was chiefly observed in 
toads. In comparing the results obtained in these observations with 
the experimental results obtained in frogs, it is to be remembered that 
the spinal nerves though similar in the two animals, do not exactly 
correspond. 

Section of the roots of the 1st spinal nerve in five out of six cases 
caused no degeneration in the sympathetic. In the 6th case there was 
slight degeneration, but the central connection of the degenerated 
fibres was not traced. 

Section of the roots of the 2nd spinal nerve (one case) caused de- 
generation up to the Ist sympathetic ganglion and of one nerve fibre 
above this; it caused degeneration downwards as far as the 6th 
ganglion, but only. of two fibres between the 5th and 6th ganglia. 

Section of the roots of the 2nd and of more or less of the 3rd spinal 
nerves (one case) caused degeneration upwards to the Ist sympathetic 
ganglion but of none above ; the downward degeneration could be traced 
to the 8th ganglion, but only one degenerated fibre was found between. 
the 7th and 8th ganglia. 

We conclude that the upward running fibres end in nerve cells 
of the sympathetic chain, and that the bres running to. the cranial 
nerves are post-ganglionic. 

Section of the 6th nerve centrally of its ramus communicans did 
not cause degeneration above the 5th sympathetic ganglion; in the 
toad (four cases) there were a few fibres degenerating upwards as far as 
the 5th ganglion; in the frog, there was no degeneration upwards in 
one case, and some, varying in amount, in four cases. A few fibres 
(one to four) were in some cases found degenerated in the splanchnic 
nerves. The downward degeneration extended as far as the 9th sympa- 
thetic ganglion. 

Section of the 8th nerve in the toad caused some degeneration in 


the 8th sympathetic ganglion and below, the number of degenerated 


fibres varied in different cases. In the frog (two cases) no degenerated 
fibres were found in the sympathetic. The results suggest that the 
8th nerve more commonly has pre-ganglionic sympathetic fibres in the 
toad than in the frog, but the experiments are not quite conclusive. 
Section of the 8th nerve caused no certain degeneration of the 
small medullated fibres in the ischio-coccygeal plexus, de. of those about 
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2 in diameter, but in several experiments a few larger fibres were 
found degenerated. We conclude that in these cases the 8th nerve 
had no sacral autonomic fibres, the few fibres sometimes found de- 
generated were probably fibres for the pudic branches of the plexus. 
Section of the 9th nerve caused no degeneration in the sympathetic 
in one experiment; in the other three or four degenerated fibres were 
present. It caused nearly complete degeneration in the igchio-coccygeal 
plexus, except of such strands as obviously arose from the 10th nerve. 
The results given above support in the main the conclusions Which 
we deduced from our observations on the effects of nerve stimulation 
(op. cit. supra). They show that there is a gap between the origin from 
the central nervous system of the cranial autonomic and of the 
sympathetic nerves and give evidence though less clear that there is 
a gap between the origin of the sympathetic and of the sacral autonomic 
nerve fibres. The course taken by the nerve fibres running from the 
several spinal nerves to the sympathetic is very much what would be 
expected from the experimental evidence. There is however a lack of 
correspondence in some details,and further observations are required to 
show whether these are due to differences between the frog and the 
toad, or to slight inaccuracies in one or other method. ae 
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a known quantity of the saline solution. 


Sonn REACTIONS OF SURVIVING ARTERIES. 


By DOUGLAS COW, M.A, MD. 


rom the Pharmacological Laboratory, Cambridge.) 


_ Method. The arteries for these experiments were obtained from freshly 


killed animals, except in the case of human arteries, which were 


obtained from a limb amputated from a living subject. From the 


freshly killed animal the arteries were transferred to oxygenated 
Ringer’s solution at a temperature of about 35°C., in which they 


were kept till transferred to the Ringer's solution in which the 
experiments were performed. 


The experiments were performed as soon as possible after the 
excision of the arteries, though it was found that, when precautions 
were taken for preserving the arteries at a constant and suitable 
temperature, their power of reaction to stimuli was retained without 


_ appreciable impairment for several hours after excision. 


The Ringer's solution was thoroughly oxygenated by allowing 


oxygen to bubble through it for half an hour with periodical shakings. 


A fresh supply of Ringer 's solution was used for each experiment, 
and was maintained at a temperature of 35°C. throughout. The 
greatest care was taken to ensure that all the essential parts of the 
apparatus were kept free from extraneous contamination ; the arteries 
were not touched by the hand, all the necessary manipulations being 
carried out by means of clean forceps and other instruments. The 
arteries, from which the rings were cut, before each experiment were 
cleanly dissected and freed from the surrounding connective tissue. 

The apparatus used (Fig. 1) consisted of a * beaker & containing 

was supported by a 


wooden disc resting on the flanged lip of a metal water jacket J’, so 
that the beaker was immersed in the circulating water contained in the 
water jacket. Protruding through a hole cut in the wooden disc was a 
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thermometer, which recorded the temperature of the circulating water. 
The water entry into the water jacket was provided by a pipe projecting 
from the lower part of the water jacket, connected by a length of 
rubber-tubing I with a copper coil L. fixed over a Bunsen burner. 


Water from a tap entered the lower end of the coil through the | 


tubing M, and left at its upper end. The circulating water left the 


water jacket through a pipe projecting from the upper part on the 


opposite side to that on which it entered. The temperature of the 
circulating water, as of the saline solution within the beaker, could be 
maintained at any desired point by adjusting the rate of flow and the 


E, vriting - lever. F, water - bath. G, beaker. H, u t. I, K, M, 0 


Supported by the cross-arm of a rigid metal stand A was a vertically 
placed glass rod B, the lower end of which was bent at a right-angle 
and carried a platinum hook C with its concavity facing downwards. 
This glass rod could be moved up and down and fixed at any desired 
height by the screw P, so that the lower end, carrying the platinum 
hook, could be immersed in the saline solution and held firmly. 
Another platinum hook D with its concavity facing upwards was 
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suspended: by a silk thread from the short arm of a writing lever E, 
which was supported by the cross-arm of a second rigid stand H. 


Suitable balancing weights were hung from the near end of the long 


arm of the writing lever. 

The method employed was that of O. B. Meyer: freshly cut rings 
of artery, about 2 millimetres in width, were used for each experiment, 
and were suspended in the saline solution between the two platinum 
hooks, sufficient tension to keep the silk thread taut being supplied by 
the balancing weights suspended from the writing lever. The drum 
was made to revolve slowly, 1 centimetre of the blackened surface 
passing the writing point in 42 seconds. | 
Drugs in solution were applied to the artery by instilling the flui 
into the saline solution from a glass pipette fitted with a rubber bulb. 
Gaseous stimulants were applied by allowing the gas to bubble through 
the saline solution. Stimulation by variation in temperature was 
brought about by raising or lowering the temperature of the circulating 
water within the water jacket. Except in those experiments in which 
the dose of the stimulant is definitely stated, it is to be understood that 
the dose instilled was about }c.c. in all cases in which liquid stimulants 
were applied. As the containing vessel held about 50c.c. of fluid, the 
concentration of the drugs after dilution was roughly as follows: 


adrenalin 0001 %, bariam chloride 01 ½, pituitary extract 0:1 
alcohol 1 %, sparteine 001 %, tyramine 0-01 °/,. 


It was found that the temperature of the saline solution could be 
made to remain constant within the limits of one degree. 
Most of the arteries used were obtained from sheep and oxen, 


though a few experiments were performed with human arteries and 


with arteries obtained from goats and rabbits. In all, 201 experiments 
were performed; the results of eight of these were discarded, as in these 
instances it appeared doubtful whether the artery was in a condition to 
react to the various stimulants. In the remaining 193 experiments 


there appeared to be no reason to doubt that the arteries were reacting 


naturally. 

‘Variation in temperature. MacWilliam«) described the reactions 
of arteries to changes in temperature, and showed that very different 
results were obtained when the artery was in a state of contraction at 
the beginning of the experiment and when it was relaxed. In his 
experiments, however, he appears to have made no attempt to keep 
the arteries in a condition at all approximate to that obtaining within 
the living body: indeed the greater number of his experiments appear 
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to have’ been performed on arteries which had been previously frosen, 


or placed in olive oil, and in many cases kept for 24 hours or longer 
after the death of the animal from which they were removed. His 
chief result was a fairly constant heat-contraction,” occurring at or 
about 60°-65°C. This, however, as MacWilliam points out, would 
appear to be due not to muscular contraction, but to the elastic and 
connective tissue elements of the artery, since coagulation of muscle 
takes place at 45°-48° (Kuhne). Meigsw states that there is no 


connection between the shortening of plain muscle and coagulation of 


protein. 

I performed eight experiments under this heading. The temperature 
of the saline solution was raised by degrees from about 12°C. to 55° or 

higher. The results were constant in the case of the carotid (Fig. 2), 

intercostal, cerebral and coronary arteries, showing in all cases a 


Fig. 2. Ring preparation of sheep’s carotid. Shows the effect of alteration 
in temperature in degrees Centigrade. b follows on a. 


preliminary slight relaxation of tonus which at or about 25° gave 


place to a slight and transient recovery of tonus, which in its turn 
gave place to a further relaxation; this increased progressively up to 
45° or 50°. If the temperature was raised beyond this point, a further 
slight contraction was noticed, occurring at or about 60°, the heat- 
contraction of MacWilliam. 

In the case of the gastric and hepatic arteries the results were 
similar to those just described, with this difference that the first 
recovery of tonus was not in evidence. The whole behaviour of these 
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arteries gave one the idea that they are more sluggish in their reaction 
than those mentioned above. 

‘These experiments show that a rise in temperature produces relaxa- 
tion in the arteries, with or without a slight recovery of tonus, which 
is but temporary, at a point slightly below that of normal blood- 
temperature: also that at a temperature higher than that at which 


_ coagulation takes place a contraction occurs which cannot be due to 


muscle coagulation. The latter effect is especially marked in vessels 
containing much elastic tissue. 
Carbon diowide. It has been known for a long time that the 


products of metabolism, produced by the activity of an organ, cause 


dilatation of the blood vessels of that organ. Barcroft and Dixone) 
conclude that carbon dioxide produces dilatation of the coronary artery. 

I performed five experiments with this reagent, the results of which 
were uniform in showing that the arteries react to it by dilatation 


even with a liberal supply of oxygen. This result, however, was more 


marked in the case of the carotid and gastric (Fig. 3) than in the case 


Wig 8. Ring preparation of sheep’s gastric artery: 00. 
was bubbled through the solution. 


| of the coronary artery. The dilatation lasted as long as the carbon 


dioxide was passing through the Ringer's solution, and as soon as the 
carbon dioxide was cut off the dilatation perceptibly diminished, though 


it did not cease. When the dose of carbon dioxide was repeated 
exactly the same phenomena were observed. Since the effect produced 


on the coronary and on the systemic arteries is the same, although 
their innervation is different, the results show that the vaso-dilatation 
induced by carbon dioxide is brought about by the action of the gas 


| upon the muscle tissue of the artery wall, and not upon nerve-endings. 


Alcohol. Dixonw in a résumé on the subject concluded that 


alcohol in moderate doses produces dilatation of the superficial vessels, 
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180 D. COW. 
but if the dose is large, slight constriction of the internal vessels, 
- followed by dilatation. He concluded that the action is partly central 
and partly peripheral. Kobert stated that dilute solutions of alcohol 
have little effect on the renal vessels. 

I carried out five experiments with alcohol, the arteries used being 
the carotid, gastric and coronary. The results were uniform, showing 
a slight and transient constriction, followed by a slightly more pro- 
‘nounced dilatation. The effect was of the same nature in the case of 
each artery, suggesting an action on the muscle tissue and not on the 
nerve-endings. The effect was, however, very small. The direct action 
of alcohol upon the arteries is one of dilatation: this may be preceded 
by a transient and inconsiderable constriction : as, however, both effects 
are very small, it would seem that the main action of alcohol on the 
blood vessels is not peripheral. 

Adrenalin. Schäfer and Oliver@ first showed the constricting 
| of supra renal extract on the blood vessels. Brodie and Dix ono 
showed that adrenalin had no constricting effect when perfused through 
the lungs though this has been denied by Plumiero and Wiggerso. 
They concluded also that adrenalin produces vaso-constriction by 
exciting not muscle fibres, but nerve-endings Langleydo pointed 
out that adrenalin has a very unequal action upon the vessels in 
different parts of the body. Schiferan concluded that the coronary 
arteries are not furnished with vaso-constrictor nerves, since these 
vessels do not constrict to adrenalin. Wiggersa found that dilute 
solutions of adrenalin perfused through the cerebral vessels in situ 
causes constriction: he also found that the same agent constricted the 
coronary and pulmonary arteries. Dixon and Halliburtonus found 
that perfusion of adrenalin through the cerebral vessels, the brain 
being removed from the skull, causes slight dilatation. Langley«) 
observed that adrenalin has a specific power of stimulating plain muscle 


and gland-cells: that only those muscles are stimulated which are 


supplied with sympathetic nerves: and that the reaction to adrenalin 
is similar to that produced by stimulation of those nerves. 


I performed 34 experiments with adrenalin, and from these the 
— results were obtained : 


A well-marked constristion was produced in the case of the carotid, 


heave edded inverted in order to draw aticntion to. the tect thas it ic not 
necessarily upon nerve-endings, in the generally accepted sense of the term, that adrenalin 


exerts its effect, but upon the janction ” or ‘the substance ” 
within the cell (Langley). : 
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ſeial, auriculo- temporal, anterior tibial, popliteal, gastric, hepatic, 


splenic, and renal arteries;, The constriction became evident after a 
very short latent period. The constriction was abrupt in onset, the 
3 point giving a tracing which rose suddenly at an angle ap- 


proaching 90° with the horizontal. The height of the contraction was 


soon, reached, and the artery remained for a long time in a state of 
increased tonus; indeed it was a remarkably rare occurrence for the 
constricted artery to show any sign of relaxation during the time 
occupied by a complete revolution of the recording drum, a period of 
about half an hour. In the case of the splanchnic vessels the onset 
of constriction was not quite so abrupt as in the case of the other 
systemic vessels; and the latent period was in many cases somewhat 


Fig. 4. Ring preparation from rabbit's pulmonary artery : at the indicated marks 
root of the lung, and P, within the lung. 3 . 


The amount of constriction produced in the case of the 0 
artery was extremely small, Apart from this degree, the reaction of 
the intercostal artery was io all respects 
other systemic arteries. 
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In the case of the pulmonary artery, whilst a certain part of the 
vessel standing outside the lung was definitely constricted, the artery 
contained within the lung tissue showed no reaction to the drug. 

A secondary series of experiments with adrenalin was carried out 
on the pulmonary artery. That the application of adrenalin to the 
main trunk of the pulmonary artery causes constriction is well known. 
My results are shown in Fig. 4 It is there seen that a ring taken 
from the main stem of the artery showed a decided constriction; that 
a ring taken from the primary branch showed a less marked reaction ; 
that a ring taken from the artery at the root of the lung showed hardly 
any effect, and that a ring taken from the arterial tree within the lung 
itself gave no reaction. Evidence of rhythmical contraction is noticeable 
in these instances, 

Dilatation, and not constriction, occurred in the case of the dry | 

Fig. 5) and cerebral arteries, the reaction in the cerebral being, 
however, extremely slight. This dilatation was abrupt in onset after 
a very short latent period, the maximum was quickly reached, and the 
vessel preserved its condition of diminished tonus for a considerable 
time. 


Fig. 5. Ring preparation of sheep’s coronary artery. 
Shows the effect of adrenalin. 


The results of these experiments agree very closely She 
of previous observers, the only difference being in the case of the 
coronary artery. Whereas Schafer concluded that the increase of flow 
in the coronary arteries, which he noted as taking place when the heart 
was perfused with adrenalin, was due to increased activity of the 
heart- muscle, I have shown that adrenalin causes an active a of 
the coronary arterr. 

Adrenalin then has a very marked power of constricting the arteries, 
with the exception of the intravisceral portion of the pulmonary artery, 


the coronary and the cerebral arteries; and that in the two last 
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The following table shows i in FTF 
of the various arteries to adrenalin : 


. Arteries of lower extremity ß. moderate constriction. 


1711 


It may be argued, then, that although there are no vaso-constrictor 


nerve-endings in the coronary arteries, they do contain vaso-dilator 


nerve-endings; and the same remark applies to the cerebral arteries: 
and again that whereas the pulmonary artery in that portion which is 
outside the lung is innervated, the intravisceral portion is devoid of 
vaso-motor innervation. 

Barium chloride was employed as a typical muscle stimulant. 
Twenty-five experiments were performed. In every case the artery 
reacted by constriction. The reaction was most marked in the case of 


Fig. 6. Ring preparation of sheep’s pulmonary artery. Main stem. Showing the 
relative effect of barium and adrenalin. When the drugs were applied the vessel 
was still relaxing as a result of a rise in temperature. : 
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the:gastric, hepatic, splenic and renal arteries ; the other arteries showed 


a progressively diminishing reaction in the order in which they are 
named: carotid and its branches, pulmonary, popliteal and anterior 


tibial, coronary, cerebral and intercostal. In the case of the two last 


mentioned vessels constriction was extremely small. 
A distinct difference was noticed in the character of the constriction 
produced by barium and adrenalin (Fig. 6). In the case of adrenalin 


the constriction was marked and rapid in onset, the maximum was 


soon reached, and the vessel remained in a state of increased tonus for 
some time; whilst in the case of the reaction to barium the constriction 
was less rapid in onset and of rather smaller amount, the maximum was 
not reached for a considerable time, and when reached the condition 


administration of adrenalin. 
One may conclude that barium constricts all vessels that contain an 
appreciable amount of muscle tissue, and that its effect is roughly 
proportional to the amount of muscle present in the vessel wall. 
Digitalis. I performed 12 experiments with this drug. In order 
to eliminate any possible error due to the action of alcohol in using a 
preparation such as the tincture of digitalis, a watery solution of the 
drug was used’. It was found that different arteries reacted differently 
to the drug; thus, whilst the carotid, facial, auriculo-temporal, popliteal 


and anterior tibial arteries were constricted, the gastric and hepatic _ 
vessels were first constricted and then dilated, and the coronary artery 


was dilated. The reaction was inconsiderable in all cases. 
It would appear as a result of these experiments that digitalis 


constricts the surface arteries and the arteries of the limbs, whilst it 


dilates the coronary artery; the presumption being that the action is 


through the nervous mechanism. Since the effect produced on the 
vessels is but slight, and out of proportion to the increase of blood- 


pressure produced by digitalis in the intact animal, the most important 
factor in its action would appear to be central. 

Pituitary extract. Schäfer and Vincentas) showed that watery 
extracts of the pituitary body contract the systemic arterioles. Schifer 
and Magnusa® showed that a watery extract of the infundibular 
portion of the pituitary body increases the volume of the kidney and 


produces diuresis. Herringun showed that pituitary extract has a 


selective action on the kidney, producing dilatation of the renal blood 
vessels, Hews concluded that pituitary extract acts by te 
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 yaso-motor nerves, Palas also working with Meyers method showed 


that pituitary extract acted on the carotid, mesenteric and femoral 
arteries in the same way as adrenalin, but on the coronary and 


peripheral end of renal its action was opposed to that of adrenalin. 


Thirty-six experiments were performed, the results of which varied 
according to the artery which was being used. With the carotid and 
its branches constriction was produced; with the intercostal, cerebral 
and pulmonary arteries no appreciable effect was produced; with the 


coronary artery an indefinite result was obtained, sometimes constriction _ 


and sometimes dilatation. The gastric and renal arteries were dilated, 


whilst at first it appeared that the splenic and hepatic vessels might be 
dilated or constricted. 


As the results obtained were so unequal, I performed an extended 
series of experiments with the splanchnic vessels, using at first different 


doses of the drug in different experiments, I found, however, that no 


variation in the dose instilled, from 0˙1 c.. to 1 cc, produced any 
change in the character of the response, which in all cases was a 
constriction. 

I then tried the effect of using different balancing weights on the 
recording lever in different experiments, weights of one, two and four 
grins. being tried. Here again, however, the results were uniform, the 
artery responding in all cases by constriction. 

I next tried the experiment of taking rings from different portions 
of these arteries, and comparing their reactions to the drug, and here 


I found the cause of the apparently inexplicable fact that the same 


artery had at different times given diametrically opposite reactions to 
the same drug. I found that rings taken from the hepatic, splenic and 
gastric arteries in the neighbourhood of their origin from the coeliac 
axis might react either by constriction, or by a scarcely perceptible 
dilatation ; whereas rings taken from the visceral ends of these arteries 


reacted in every case by a more marked dilatation, and this in spite of 


the fact that the diameter of the artery is naturally smaller at the 


distal than at the proximal end. Rings taken from portions of these 
_ arteries between the proximal and distal ends were found to react by 


dilatation, which dilatation became more and more marked the nearer 


the part from which the ring was taken approached the respective 


viscus. Similarly, in the case of the renal artery I found that, whilst 
on no occasion was I able to demonstrate a constricting reaction with 
any part of the urtery, the dilatation became progressively more marked. 
the nearer the part of the artery, from which the ring was taken, 
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approached the kidney. Fig. 7, taken from one of these experiments, 
illustrates this. 

The reactions produced by dne extract, whether of constriction 
or dilatation, are in no case so abrupt in onset as those produced bß 
adrenalin. With pituitary extract as the stimulant it is a rare occur- 
rence for the writing lever to describe a tracing the direction of which 
at any part exceeds an angle of 45° with the horizontal; whereas with — 
adrenalin an angle of 90° was frequently approached. 


Bee: 7. Ring preparations of sheep’s gastric artery. Showing the effect of pituitrin at 
the indicated marks, 4, near the cmliac axis, B, two inches lower, C, near the 
pylorus. The coefficients of these are respectively 12, 38, 47. 


The degree of dilatation produced by pituitary extract is con- 
siderably greater than the degree of constriction produced, which latter 
never approached the degree of constriction produced by adrenalin. 

The condition of increased tonus produced by pituitary extract was 
not maintained for long; the maximum was not reached for a consider- 
able time after the constriction had begun; and, when reached, the 
tonus soon started to relax again. In no case was the duration of 
increased tonus comparable to that produced by adrenalin. 

As a result of these experiments it would appear that the conclusions 
of previous observers are in the main confirmed; also that the 
splanchnic vessels have a peculiar vaso-motor mechanism, which enables 
them in one part to constrict and in 9 N . to dilate at the same 
time to the same drug. a? 
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Since pituitary extract causes a general increase of blood-pressure 
in the intact animal, it follows that, cwteris paribus, the constricting 
effect on the systemic vessels generally must outweigh the dilating 


effect on the splanchnic vessels ; or else we must believe that pituitary 


extract has, besides a peripheral action, a central action, which possibly 
tends to hold in check the local en effect on the — 
arteries. 

If it is the case, as Houghton and Merrillam showed, that the 
increase in blood-pressure, produced by pituitary extract in the intact 
animal, is of longer duration than that produced by adrenalin, we must 
conclude that, apart from its direct action upon the vessels, which I have 
shown to be of shorter duration than that produced by adrenalin, there 
is a central action also, which is more lasting than the peripheral effect, 
or what appears even more probable that pituitary extract contains 8 


dilator and constrictor substance, 


Ergot, ergotoxin, tyramine and isoamylamine. Dale and Dixona» 
and others have shown that certain amine bodies, produced by 
putrefactive action, have an action similar to that of adrenalin’; it has 
also been shown that certain of these bodies are present in watery 
extracts of ergot, and that they are responsible for almost the whole of 
the pressor action of the liquid extract. 

I performed 17 experiments with these drugs. The results were 


constant in showing that a considerable degree of constriction is pro- 


duced in all cases with but one exception, the pulmonary artery, on 
which no effect was produced. As regards the character of the con- 
striction produced, that caused by ergotoxin was of considerably longer 
duration than that caused by either the liquid extract of ergot, tyramine 
or isoamylamine. The constriction produced was at the best moderate 


in amount, and of short duration. 


It may be concluded from the results of these e that, 
since the intra visceral pulmonary artery, which has no vaso-constrictor 
nerve-endings, is the only artery unaffected by these drugs, these drugs 
produce constriction by stimulating nerve-endings. 

Sodium nitrite and amyl nitrite. It has been known for many 
years that the nitrites produce vaso-dilatation. BruntonGs, as long 


ago as 1870, concluded that the lowering of blood-pressure, caused by 


amyl nitrite, is due not to weakening of the heart's action, but to a 
dilatation of the vessels, and that this dilatation is due to the * 
action of the drug upon the vessel walls. | 
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Twelve experiments were performed the arteries responding by 
dilatation in all cases. The dilatation produced by sodium nitrite was 
generally speaking more marked than that produced by amyl nitrite ; 


this drug, however, could not be brought to act on the ring of artery in 


the same way as the former on account of the difficulty of solution. 


The dilatation produced was in most cases abrupt in character, the | 


maximum degree of dilatation was soon attained, and the vessels 
remained dilated for a considerable time. The fact that dilatation was 


produced in the case of all the vessels, coronary and pulmonary as well 
as systemic, argues that the action is one on the muscle tissue of the 


vessel-wall and not on the nerve-endings. 
Galetwn chloride. Hans Meyeran showed that the 
tration of calcium salts inhibits inflammatory exudation, and that 


_. withdrawal of the normal calcium salts produces a hyper-irritability of 


1 sympathetic system towards adrenalin and other drugs. 


Fig. 8. Ring preparations of sheep’s splenic artery. Showing the effect of adrenalin in 
A, calcium-free Ringer, and B, 
calcium chloride. 


Hight experiments were performed. It was found that ne the 


atterial ring was placed in calcium-free saline solution, and adrenalin — 


and pituitrin instilled, a greater reaction occurred than followed similar 
doses of these drugs when the experiment was performed in saline 
solution containing an excess of calcium salts (Fig. 8). As might be 
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expected, far smaller differences were to be noted in the reactions when 
the experiments were performed in normal saline solution (containing 
2 gram of calcium chloride in 1 litre) than in saline solution containing 
an excess of calcium salts. 
The reactions dus to barium chloride showed no appreciable difference, 
no matter in what proportion calcium salts were present. 

_ Sparteine. This alkaloid has been recommended as a cardiac and 
muscular tonic, which was supposed to exert an action similar to that 
of digitalis on the heart and blood vessels(w. It has been pointed 
out recently that this is not the case; but that sparteine is a de- 
pressant, lowering the blood-pressure by a dilatation of the peripheral 
vessels, 


I performed five experiments with this drug, the vessels used being 
the carotid, gastrio and anterior tibial. Each of these arteries responded 
by decided dilatation. 

Caffeine, urea and sodium sulphate. The effect of these three 
drugs, each having a marked diuretic action, was compared on the renal 
artery with some other systemic artery. | 

A series of nine experiments was performed with the object. of 
demonstrating whether any or all of these drugs had a specific dilating 


effect on the renal artery. It was found that caffeine, whilst — 


moderately dilating the renal artery, produced an equal amount of 
dilatation in the case of the splenic artery, and had no appreciable 
effect on the carotid artery. 
in the case of ‘the 
unaffected. 
Sodium sulphate produced a scarcely appreciable dilatation of the 
carotid artery, a more marked dilatation of the splenic artery, and a 
still more marked dilatation of the renal artery; though in none of 
these cases was the resulting dilatation of any considerable amount. 

These experiments show that the drugs under discussion exert a more 
pronounced vaso-dilatation on the splanchnic vessels than on other 
systemic vessels; but no significant difference could be determined 
between the renal and other splanchnic vessels. 

‘In order to bring out more clearly the comparative effects of the 
more important vaso-motor stimulants on different arteries, I have 
worked out a series of coefficients, which roughly represent the degree 
of constriction or dilatation produced by different reagents on different 
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The formula employed is as follows : | 
2x100 6 
Coefficient = 7 *I: When 
r the difference in height of tracing above base-line, before and after the application 
of the stimulant; expressed in millimetres. 


y=the long diameter of the flattened artery; expressed in millimetres: the length of 
—— 


respectively. 
I give the coefficients thus obtained in tabular form : 
Temperature Adrenalin Barium Pituitrin 

Carotid artery ~81 +27 +17 +1 
Facial artery . + 48 + 88 +5 
Auriculo-temporal artery 2 +10 +4 
Intercostal artery — 8 +8 
- Anterior tibial artery +16 +5. 
Pulmonary artery : +40 1788 
Coronary artery ~10 +1 — 4 
Cerebral artery — 8 - 3 + 8 * 
Gastrio artery 78 +68 +25 210 
Hepatio artery —46 788 2729 - 46 
Splenic artery | 7 +47 +38 2854 
Renal artery | —43 +48 +11 ae 


It will be seen from the above table that the greatest coefficient for 
each artery is obtained by variation of temperature, and that this 
coefficient is very nearly approached in most cases by that of either 
adrenalin or pituitrin. It will also be noticed that in the case of the 
splanchnic vessels the coefficient of pituitrin is very much higher than 
in the case of the other systemic vessels—in other words, that as far as 
local action on the arteries is concerned, pituitrin has a far more power- 
ful action on those arteries which it dilates than on those which it 
constricts; and in consequence, unless pituitrin has some central action, 
one would expect that its administration to the intact animal would be 
followed by a lowering and not an increase of blood-pressure. 

I give here a second table of coefficients, to emphasize the graduated — 
response of certain arteries to adrenalin and pituitary extract. 


Pulmonary artery : 
Adrenalin +42 +35 +18 0 
Gastric | : 
Near origin 2” lower Near pylorus 
Pituitary extract —12 88 ~47 
Pituitary extract -6 
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lower 

: Near origin Near kidney Within kidney 


action shown by the artery when contracting and in states of increased 
tonus. In these, instead of responding in the ordinary way and 
recording its contraction by a tracing line of more or less uniform 
direction, the upward movement of the writing lever was broken up 
into a series of rhythmical contractions and relaxations, so that whilst 
the main direction of the writing lever was upwards, the tracing gave a 
remarkable wavy appearance. A specimen of this variation is shown 


in Fig. 9. Two doses of ergot had been applied, followed by a single 


Fig. 9. Bing 
in produeing rhythmical contractions. 


dose of adrenalin, which provoked the artery into responding in the 
manner shown. On analysing this tracing it is found that the average 
time occupied by one of these rhythmical units is 25 seconds. The 
average duration of the Traube-Hering curve corresponds to eight 
respirations, or roughly speaking 30 seconds. Is this rhythmical con- 
traction of the arteries the cause of the Traube-Hering curve, which has 


always been supposed to be due to central action ? events 
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evident that under certain conditions the arteries have the power of 
producing intrinsic rhythmical contractions. 

From the foregoing results it would appear that certain arteries 
have certain e in their reactions to various stimulating 
agents. 

Briefly . the coronary artery, and, to a smaller extent, 


the cerebral artery are dilated by adrenalin; whereas this drug produces 


constriction on all other arteries. 
The pulmonary artery may be divided into two portions, that with- 


out the lung, which reacts to adrenalin in the same way as other arteries, _ 
and that within the lung, which either is not affected by adrenalin, as 


my experiments would tend to show, or is actually dilated, as shown by 
Brodie and Dixon. Furthermore, the pulmonary artery reacts to 
adrenalin in a progressively diminishing degree the nearer the part of 
the artery in question approaches the lung. 


The gastric, hepatic and splenic arteries are generally 8 | 


; | dilated by pituitary extract, this dilatation decreasing progressively from 

the viscus to the origin of the vessel from the coeliac axis, and even 

giving place to constriction in the neighbourhood of the origin of these 
vessels, 


The renal artery is dilated by pituitary extract, and this dilatation 
increases progressively in the same artery from its origin from the 


aorta to its branches within the kidney. 


It gives me much pleasure to record my thanks to Dr Dixon for | 


his kind help and advice. 
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THE ACTION OF CAFFEINE ON “MUSCLE. By PRED 
RANSOM, MD. Tom. Beit Research Fellow. ws 


VVV Combridge) 


THE following paper deals chiefly with the formation of acid in muscle 
under the influence of caffeine and with the effect of caffeine upon the 
diastase of muscle, 

According to Schmiedebergw, the rigor caused by the direct 


action of caffeine on frogs’ muscles was first noticed by Voit in 1860. 
The acid reaction of muscle in activity and in rigor mortis was observed 
by Du Bois-Reymondw in 1859. That lactic acid is formed during 


muscular activity and in rigor mortis was demonstrated by Werther«). 
Fletcher and Hopkins@ showed that even slight injury to muscle 
causes the formation of acid. Diastase has been found in muscle by 
Maignon and in diabetic muscles by Bainbridge and Beddard@. 


Wohlgemuthm has described a method of measuring its activity. : 


Caffeine is said by Goebel@ to regularly and distinctly raise the 


diastatic action of muscles. Paschkis and Palo found that caf- 


feine increased the irritability of muscles. Kobertao and Dreseran 
showed that it also increases the work done; this has been confirmed 
by v. Fürth un and others. 

The rigor which follows the direct application of caffeine to muscle 
is accompanied by acidity which is due in part to lactic acid. The 


method which I have adopted for demonstrating this acidity and 


measuring its amount is indicated in the following experiment. 


Exr. 1. Two frogs were pithed and the spinal cord destroyed. Then, the frogs 
having been bled by entting the aortas, the skin was removed from the hind legs and the 


pair of limbs separated from the trunk. The object of this proceeding was to be able to 
work with practically uninjured muscles, 


No. 1 pair weighed 5-70 gms., No. 2 pair 5°30 gms. No. 1 was placed in a glass vessel 


containing frog saline! 25 0. o. No. 2 in s similar vessel with 26 b. 0. of the same saline in 


* The saline used contained NaCl 120 gms., NaH OO, 0-2 gm., KCl 02 gm, 
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‘OAFFEINE ON MUSOLE. 145 
which 0:5" of had been The two vessels wore left standing in the 
laboratory. 


one hour the logs were taken ont of the solution, No, 1 was quite relaned, No, 2 
was in extreme rigor. 


Buh ans wen andthe linn tod with MeOH, 
_ phthaleine as indicator, with the following results: 
pute No. 1 5 ¢.c.+5 0.0. Aq. dest.=0-85 e. o. 10 on. 
” 
Using the Fletcher Hopkins lactic acid reaction the results were: 2 
5 Filtrate No. 1 negative with 05 c.c. of the filtrate. 
„ No. 2 positive „ ” 
3. 


at room temperature, then removing the limbe, filtering and adding caffeine lotion to 
the filtrate. No acidity was found. 


These results show that a very considerable amount of acid had 
diffused ‘in the course of an hour into the caffeine-saline solution, whereas 

in the plain saline there was not more than a trace. er some of 
the acidity was due to lactic acid. 
All the following experiments were 3 on the same Hae but 

the usual period of immersion was two hours, the temperature of the 
room was about 16°C. titrations 


terms of 100 NaOH. 


. two hours in saline and then for a 
tile two hours in caffeine solution, there was no rigor and no diffusion 
of acid during the first period, but afterwards, in the caffeine — 
rigor weed in and acid diffused. The titrations were: a 


8. immersion, saline, acidity 


With more dilute solutions of caffeine, causing only peri rigor, 5 
acid diffused : : 
„ „ 005%, „ partial ,, „ 
„ „ 0°01 slight „ - 
” 40. „ Saline, relaxed „ 


If, before. immersing the limbs, the caffeine-saline solution was ale 
feebly alkaline and tinged with a drop or two of solution of phenol- 
or the in reaction could be followed the 
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' Owygen. The effect of adding oxygen to the caffeine solutions was 


very striking, for if air was drawn through them during the immersion 
of the muscles much less acid than otherwise usual was found : 


Exp. B. No. 1 leg pair 4°90 gms. caffeine, acidity = 1°60 0.0. 
No, 2 4°90 33 +0, =0°75 ” 


If air was drawn through the caffeine solution for two 83 afer 
removal of the limbs a diminution of acidity occurred : 


Exp. 6. Log 770 gmat raion, before 
neutral. 


99 after * 99 


When washed’ red blood corpuscles were added to the caffeine 
Wes and the mixture with the leg pair e shaken “at 
little acid was found at the end of two hours: 


Leg pair 5-00 gms, caffeine +r. o. acidity=0'55 


If the red blood corpuscles were added after the removal of the limbs | 


the acid already formed diminished greatly in amount in the e course of 
the following two hours: 
2 hrs, after ,, ” „ 2086 „„ 
405 Dee were next made to ascertain the effect of caffeine 8 
employed in addition to other means of inducing rigor and acidity. 
The following are the results obtained by the various methods adopted. 
. Pounding up. If muscles were pounded up with sand and saline 
the addition of caffeine did not affect the amount of acid formed : 8 


+oafleine, aaidity- 1 56 0.0. 


_ Freezing. Similar results were obtained when frozen leg pairs wore , 


allowed to thaw respectively i in saline or in caffeine solution : 


We 1 lag pais thawed in | 
No. 2 „ 730 „ ” „ „ 


: Chloroform. When chloroform vapour was employed to induce : rigor : 
and the limbs placed afterwards for two hours in caffeine or in saline the 


amount of acid was not influenced by the caffeine: 


No. 2 ” ” =2°80 ” 


Wher: two pairs were the 
3 drops of chloroform had been added, the other in saline 
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＋chloroform, the solutions were ſound after two hours to contain equal 
amounts of acid: 
Exp. 12. No. 1 leg pair 7°50 gms., 8 acidity =8-0 0. 0. 
No.2 „ 8:40 „ chloroform-saline, „ 23˙20 „ | 
3 Subjecting the muscles first for two hours to caffeine and ihe 


placing them for a like time in chloroform-saline showed that the 
chloroform had no effect on the amount of acidity : 


Expr. 18, No. 1 leg pair 5°80 gma 
No.2 „ 6-20 gms. (1st immersion, caffeine, „ =1°70 „ 
as control and „ bbaline, „ 10 „ 


Further, it made no difference to the resulting acidity whether frozen 


muscles were allowed to thaw in chloroform-saline or in chloroform- 


caffeine solution. 
Ether. The results obtained with ether were somewhat different, in 


that the leg pairs exposed for 30 mins. to ether vapour passed into in- 
complete rigor and yielded only a small amount of acid, the subsequent 
action of caffeine caused complete rigor and a further development of 


acid: 
Exr. 14. No. 1 leg pair 4-40 gms. ether 30 mins. 1 hr. insaline, acidity =0-80 0. o. 
2 hrs. in caffeine, „ „ 
No. leg pair 4- „ =080 „ } contro. 
” 2 hrs. in saline, „ 0°55 „ 


Alec. When two leg pairs, after immersion for 15 mins. in 30% 
vol. aleohol, were transferred the one to caffeine solution, the other to 


- saline, an equal amount of acid was found after two hours in each 


solution : 


No. 2 „ 470 „ 15 saline, „ wis „ 

Analogous experiments made with toluol and with chloral gave 
similar results On the other hand, neither veratrine, cocaine nor 
morphia caused any formation of acid. 
Glycogen. I next investigated the effect of adding 1 to the 
solutions in which the muscles were immersed. 

The glycogen was obtained by grinding up perfectly fresh frogs’ 


livers with sand and saline, boiling the mixture and filtering. The 


milky fluid thus obtained is called here glycogen solution. Its reaction 
was practically neutral and 1 cc. in 4.c.c. of water did not reduce 0°25 C 
of Fehling’s solution. The experiments were carried out at room 
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18 RANSOM: 
temperature on the same lines as the preceding Usually 5c.c. of 


glycogen solution were diluted with 20c.c. of saline or the same quantity 


of caffeine solution. In the first place the i of — glycogen ' to 
the saline was investigated. 

Wyhen two leg pairs were immersed for tro hours the one in 20 c.c, 
of saline +5 C.. glycogen solution, the other in saline there was no 
formation of acid but sugar was found in the glycogen solution : 


acidity: 0°30 c.c. 


0°30 ¢.c. 
reduction, 


11 the limbs were left looger in the solutions, toluol ies added as 
an antiseptic, sugar was again found only in the glycogen ears but 
88 solutions a acid due to toluol rigor : 

(acidity: 90500 

1. No. 2 + 0-25 0.0. 

’s solution +. 


acidity : 2°75 0.0. 
2 0.0. +025 0. 0. 
: Fehling’s solution 0. 


It air was nse 8 the 1 during a two hours’ 
immersion sugar was formed but no acid. 


ts The experiments showed that when intact muscles were suspended 
in glycogen solution sugar was formed. If the suspension took place in 


plain saline there was no sugar. It was possible, however, that the 
- ferment converting glycogen into sugar might be derived from blood 


left in the muscles, although the frogs were always bled. A similar 
series of experiments were, therefore, made with frogs whose’ blood 
vessels had been washed out with saline. When such washed out leg 
pairs were immersed in glycogen solution sugar was formed. 
The effect of glycogen upon the amount of acid produced in caffeine 

rigor was next studied. To this end one pair of limbs was suspended in 

caffeine + glycogen, another in caffeine solution. After two hours the 
| 7 of the solutions was compared and found equal: 


acidity: 2˙0 %. 


No.1 leg pair 560 Febling’s 
solution 


sugar: 2 0.0. + 0-25 c. o. Pang 
solution 0. 
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were obtained when 
19 toluol being as an 


Exp. 19. — 
solution 


760 


If air was drawn through immersion 


there was the usual diminution of soudity in the presence 


ty: 0-80 6.0, 
solution + : 
No. 2 leg pair 6°40 gms, caffeine +0 2 Wes 
gms. + 2 e. 8. ＋ 025 0.0. Fehling’s 


The results show that the amount of acidity accompanying caffeine 
rigor is not affected by the presence of glycogen in the caffeine solution. 


It remained to ascertain whether the amount of sugar, formed when the 


leg pairs are suspended in glycogen-saline, is influenced by the presence 


of caffeine. The experiments were made on the. same lines as the 


preceding, one pair of legs being immersed in 25 cc. caffeine-saline 


+glycogen, the other in 25 C. 0. glycogen-saline. The amount of sugar 


found in each solution was always as nearly as may be the same, and 
this was the case whether the immersions were limited to two or 
extended to 19 hours. When air was drawn through the caffeine- 
glycogen solutions or blood corpuscles added the like results were 
obtained. 

The results of these siren experiments may be briefly summarised 


as follows: 


Sugar was always found when en had been added but other- 


wise only in relatively small quantity or not at all. 


The amount of acid formed in — solutions was not influenced 
by. the presence of glycogen. — 

The amount of sugar formed i in elyoogen solutions was s not influenced | 
the presence of caffeine. 

The amount of sugar found was not influenced by the presence. of 
caffeine and oxygen. 


The ext exprimente were devised to bd the 


following points : 
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1. Does the diastase which diffuses out of the intact muscles into 
plain saline solution, remain active after removal of the limbs? 

2. After the removal of the lebe from plain saline is any acid 
formed in it on the addition of caffeine and glycogen ? 


Exp. 21. Six paire of frogs’ hind legs, weighing together 32-0 gms., were immersed — a 
for two hours in saline solution at room temperature. At the end of that time the still 
perfectly relaxed limbs were removed, the solution filtered and the filtrate divided as 
shown in the following table : 


„ + O° 47 


2. Filtrate 20 0.0. 


on 
° 
° 
+ 
° 


5 6.6. Hee Ep 0 0 0 0 - 0 


| 


0 0 is 0 
„ 
On the other hand, no trace 
of acid was detected either in filtrate + glycogen or filtrate + caffeine or 
in filtrate + caffeine I glycogen. 
In the next experiment the muscles were first immersed in caffeine- 
to it. 
xx. 22. Three pairs of frogs’ hind legs, weighing together 16-0 gms., were immersed 


for two hours in 40 ¢.c. 0°5 „% caffeine-saline; then the limbs (in rigor) were removed, the 
. solution filtered and the filtrate divided ag shown in the following table: 


Examined at once Examined after 2 hrs. Examined after 20 hrs. 
—— —— 
No. Solution Acidity Sugar Acidity Sugar Acidity Sugar 
1. Filtrate l6cc.) 5 6.0. 120 0%. 0 50.0. ++ 
Neon N NaOH 
100 100 ; 100 
2. 50.0. 0 See.=ll0cc. 0 0 


5 0. o. N N N 
Talnol 100 0 100 NaOH 100 NO 


The results showed that sugar was formed after the addition of 
glycogen to the filtrate and that, as in the former experiment, the amount 
of sugar present after 20 hours was considerably greater than aſter 
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These two experiments demonstrate that, under the conditions 
arranged, the glycogen added was not a source of lactic acid, i. e. no 


active ferment capable of converting sugar into acid diffused out of the 


muscles. 
It remained to ascertain the effect of oxygen on the formation of 


: sugar in the glycogen solution, after removal of the muscles. 


galing No, 1). Two other leg pairs weighing together 14-0 gms. were placed in the same | 
' quantity of a similar solution (No. 2). No. 1 was covered with paraffin, through No. 2 air 


was bubbled. After two hours the limbs were removed and each solution divided into two 
parts, one part of each was examined at once for sugar, re ee 


1. int pars No. 2 Ist part 
20.0. 028 C. 6. Fehling’s solution: partial. 
50.6. „ complete. 50.0. ＋ . % , „ — 
aud part aud part 


$0.4: complete. | 20. 0. +0°250.0. Fehling’s solution : complete 


10.6. „ 55 ” 10. 0. + 0°25¢.c. ” ” 


10.0. + 10. o. „ partial. 


Sdbowing that the amounts of sugar formed in the two solutions were 


equal, although in the one case oxygen was excluded, in the other pro- 
_ vided, The continued activity of the ferment is well shown in the much 


larger quantity of sugar in the solutions after 20 hours. 

The foregoing experiments show that glycogen i is not used for ~ 
formation of acid outside the muscles. 

Supposing that acid is formed from glycogen in the muscles, and 


that caffeine can accelerate this change, possibly something similar might 


take place in the liver; this is, however, not the case, as the ne 
‘shows : 


ie 1. Frog’s liver 8°0 gms. ground up with sand and 12 0.0. saline. 15 
2. Frog’s liver 8-0 gms, ground up with sand and 12 6. 6. 0-5 %, caffeine saline, 


_ After 24 hours at room temperature under toluol both solutions were boiled, and filtered 


and examined ; c 


The rigor induced 15 chloroform, ether, alcohol or toluol does not 
appear to affect the diffusion of diastase out of the muscles. If gly- 
cogen is present sugar is formed, as it is in caffeine-glycogen solution. 
The following experiment gives the results obtained with alcohol and 


chloroform. The solutions were examined after the museles had been 
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for to hours at room tempersture, 


Err. 28. 

Solution and muscles Sugar Acid Solution and muscles 

sol. A on Saline 185 
Leg pair 5°40 gms. 100 Glycogen sol. ped 
6˙10 gma, 

Saline 5 
20 50.8. 1.80 c. 0. 


2 4 


Leg pair 4°50 gms. 
In the next experiment the effect, on the amount of 1 of 
immersing the muscles in successive — of — e was 
investigated. 
Exp. 26. 40 0.6. of saline (No. 1) in which frogs’ . 
two hours: were divided into two parts (a and b) and glycogen added to a, saline to b. 2 
After standing two hours both solutions were examined. The limbs, on removal from = 
saline No. 1, were transferred to a second portion of saline (No. 2) with tolgol and left 
18 hours, during which the muscles passed into toluol rigor. The solution was then 
were examined. — 
4. Saline No. 1 20 b... o| & Saline No. 222 


Saline No, 1 50 0 0 4. Saline No. 2 200.0. 40 
5 0.0.) Saline 5 0.0. Na 


“The table the muscles gave up much more 
during the first than during the second immersion: It is also suggestive 
that, though the muscles on removal from saline No. 1 had apparently 
but little diastase left, they still possessed the ig of — into 


3 


Exps. 1—4 demonstrate that caffeine · rigor is accompanied by the 
formation of lactic acid and that, under the special conditions. 


part of the acid produced diffuses out of the muscles into the fluid 
in which they are suspended. It is, however, not necessary for the 
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same amount of acid was formed by the action of caffeine, whether 
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formation of acid; under the influence of caffeine, that: there should be 
any very obvious rigor. Dilute solutions which cause no very great 
apparent change, nevertheless excite the production of acid (Exp. 4). 
Other things being equal, the amount of acid varies with the strength 
of the caffeine solution up to the point where complete rigor ensues, 
ones this is established, additional caffeine is without effect. In the 
presence of oxygen little or no acid is found in solution, and, if oxygen 
is provided after the presence of acid has been ascertained, the acid 
rapidly diminishes or even disappears altogether (Exps. 5, 6, 7, 8). In 
like manner Fletcher and Hopkins (loc. cit.) found that lactic acid 
disappeared from muscles in an oxygen atmosphere, the inference being 
that the acid is oxidised. Such a burning off of lactic acid would be 
a source of energy, and it seems not improbable that the effect of 
caffeine in increasing the capacity to do work, may be partly due to 
energy thus supplied. In Exps. 11 to 15 it is shown that chloroform, 
alcohol, ether, etc., excite a similar production of acid, which, as in the 
caffeine experiments, diffuses into the saline solution. Of these bodies 
alcohol has often been credited with the power of increasing the 
capacity to do muscular work. Joteykoas, for instance, asserts that 
by its means the influence of fatigue upon the ergographic curve may 
be postponed. This result may be due in part to the oxidation of 
lactic acid formed by the direct effect of alcohol on muscle. So far as 
my observation goes, only drugs which cause rigor excite the production 
of lactic acid. Once complete rigor has been established by means of 
chloroform, alcohol, etc., caffeine has no further effect, and the same 
holds, vice versa, of caffeine rigor. This is in complete agreement with 


- Ranke’s as) observation that muscle, after removal from the circulation, 


“possésses an unchangeable maximum power of forming acid.” It 
would seem that these drugs, acting directly upon the muscles and 
independently of the nervous system, in some way set going the 
process by which lactic acid is produced in muscle. In so far their 
influence resembles that of stimulation through the motor nerves. In 
all experiments in which caffeine, chloroform, etc., were used to induce 
rigor the fluid in which the muscles had been suspended gave the 
biuret reaction. When the muscles were simply suspended in saline 
little or no biuret was found. This appears to indicate that the 
formation of lactic acid, when excited by caffeine, is associated with 
disintegration of muscle protoplasm. Moreover no evidence could be 
obtained that lactic acid was deri ved from glycogen, for practically the 


ad J * 
4 
is.) 
7 
2 
25 
2 
: 
iv E. 
7 
2 
of 
rf 
A 
7 
— 
* 
2 
* 
itt] 
4 
% 
if 
2 
4 
on 
N. 
* 
* f' 
5 
4 


RANSOM. 


3 In this connection particular 
attention may be drawn to Exp. 26, in which it is shown that muscles, 
which had to a large extent lost the power of converting glycogen into 
sugar, were thrown into rigor by caffeine just as completely as normal 
muscle, and that the amount of acid formed was not-in the least below 
the average. On the whole, the conclusion appears justifiable, that the 
lactic acid which is formed under the influence of caffeine is derived 
from 


A large number of experiments were made to ascertain . 
caffeine has any effect upon the formation of sugar in muscle, bus no 
such action was observed. 

When the hind limbs of frogs were suspended in saline 5 : 
glycogen it was found that, after standing for from one to two hours at 
room temperature, the solution contained sugar. If no glycogen was 
added to the saline no sugar was formed. When, after removal of 
the muscles, glycogen was added to the saline in which they had been 
immersed, sugar was formed, showing that active diastase had diffused 
out of the intact muscles into the saline. Muscles thus suspended in 
saline for an hour or two retained their normal appearance and 
remained flaccid. Treated with caffeine they passed into rigor in the 
usual way, although they had lost by diffusion the greater part of their 
diastase. If both caffeine and glycogen were added to the saline in 
which the muscles were immersed, then sugar and acid were found in 
the solution, but with caffeine alone there was no sugar. The amount 
caffeine, 

Similar results, so far as sugar is concerned, were obtained when 
the experiments were conducted in the presence of oxygen. 

It seems evident from these facts that caffeine has no effect upon 
the diffusion of diastase out of muscles nor upon the amount of sugar 
formed. The diffusion goes on whether the muscles are relaxed or in 
rigor, and, if glycogen is present, its transformation into sugar is 
unaffected by the addition of caffeine. 

The fact that intact muscles so readily yield up diastase to saline 
sollte appears to make it probable that they do the same to the 
blood or lymph (Manzini ua) Under such circumstances the muscles 
would be an important source of the blood diastase (Bang an). 
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Summary. 


The rigor excited by caffeine in frogs’ muscles is attended by the 
formation of lactic acid, which, under the conditions of these experi- 
ments, diffuses out of the intact muscles into the saline solution in 
which they are suspended. 

In the presence of oxygen the acid formed under the influence of 
caffeine disappears from solution. 

The saline solution in which muscles under the influence of caffeine 
have passed into rigor gives the biuret reaction. 

If the skinned hind limbs of frogs are immersed in saline solution 
and left at room temperature, the solution will be found to contain 
diastase in one to two hours. 

Neither this diffusion of diastase nor the amount of sugar formed 
on the addition of glycogen are influenced by the presence of 
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EXCITATION AND SECTION OF THE AURICULO- 
VENTRICULAR BUNDLE. Br WINIFRED 0. OULLIS 


(From the Lalor, Hoi 


auricles and yentricles in the mammalian heart was first maintained an 


by Gaskell’, The presence of a bundle of muscle connecting the 


auricles and ventricles was shown by Kent*, His“, Retzer“, and 


Braeunig, but a more complete description of this bundle has been 
given by Tawara’ and confirmed in the main by Keith and Flack“ 


According to these observers a network. of special muscle fibres is 
present in the auricular walls culminating in a ‘nodal point in the 


interauricular septum. From this point the muscle fibres pass down 


through the auriculo-ventricular ring; they divide in the inter- 


ventricular septum into two, one group for each ventricle: the fibres 
subsequently become Purkinjé’s fibres and end in the subendothe- 
lial tissue’. The bundle contains no nerve trunks but it contains 


ganglion cells and abundant nerve fibres’. Ludwig and his pupils 

first showed that the isolated ventricle of the mammalian heart can beat 

with an independent rhythm. Wooldridge“ found that by looping — 
a cord round the auricles and applying ne, be 25 ee 


1 Gaskell. Journ. 3 1883, Brit. Med, Journ..p. 572. 1889, 
2 Kent. Journ. Physiol. xrv. p. 238. 1898; and Proc. Phys. Soc. Nov. 1892. 
a W. His. Arb. a. d. medic, Klin. 2. Leipzig. 1898. 

4 Retser. Arch. f. Anat. u. Physiol. 1. 1904. 


Tawara. ‘‘Das Reizleitungesystem das Seugetierhersens.” G. Fischer. Jena, 


1906. 
Keith and Flack. Journ. Anat. and Physiol. x11, p. 172. 1907. 
7 Banvier. Legons d' Anat. Gen. Syst. Musculaire, p. 300. Paris, 1850. 
8 Wilson. Proc. Roy. Soc. uxxxt. p. 151. 1909. 
o Wooldridge. Archiv f. Physiol. p. 522, 1883. 
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functionally the auricles from the ventricles, and that on removing the 
ligature the auricles and ventricles had assumed an independent rhythm. 
Tigerstedt* showed by a more elaborate apparatus the same effect and 
Roy and Adami* recognised the condition. Clamping the bundle in 
living animals as performed by Erlanger and Hirschfelder? and von 
Tabora results first in a condition, which has been described as 
_ diminished conduction by the fibres, in which only some impulses, every 
third or fourth for example, are transferred from the auricles to the 
ventricles; with the application of more pressure it is said to be 
possible to induce complete heart-block. Kronecker‘ and his pupils 
Imchanitzky* and Paukul* have obtained contrary results, the latter 
observer believed that he had ligatured the bundle in the rabbit with- 
out disturbing the co-ordination between auricles and ventricles, and 
conversely that he had interrupted conduction without touching the 
bundle, Further experiments brought forward by Kronecker and his 
pupils with the object of proving that this muscle cannot be essentially 
conductive in character will be considered later. Criticism has been 
applied to the myogenic hypothesis recently by Hering’ and Carlson“ 
working with Limulus, Experiments made upon the isolated heart in 
which the bundle was incised have been recorded by Biggs“ on the 
rabbit's heart, and by Cohn and Trendelenberg on the rabbit, cat 
and dog. The former observer gives no detailed records of his work. 
Method. The experiments were all performed on adult rabbits. 
‘They were killed by pithing and bleeding and the excised hearts were 
perfused with a Ringer-Locke solution. No experimental procedures 
‘upon the heart were adopted until it had become regular and had 
continued to beat well for half an hour or upwards. Hooks were then 
fixed to the apex of the left ventricle and to the right auricular appendix 
and connected to levers arranged to write exactly over one another on a 
smoked surface. An incision was now made in the upper part of the 


Bigerstedt. Archiv f. Physiol. p.497. 1884. | 
Royand Adami. Pail. Trans: 
* Brianger and Hirschfelder. Amer. Journ. Physiol. (a) xv. p. 158. 1905-6, 
(6) p. 160. 1906. | 
* Rromecker. Brit, Assoc. Report, p. 895. 1899. Brit. Med. Journ. I. p. 185. 1910. 
Arch. Internat: de Physiol. w. p. 1. 1906. 
" Hering. Zeits. f. exp. Path. u. Therap. ms. p. 511. 1906. 
* Garigon. Amer. Journ, Physiol. xv. p. 118. 1908-3. 
* Biggs. Brit. Med. Journ. L. p. 1419. 1908. 5 
and Tréndelenberg. Pfliger’s Arch. oxXI. p. 1. 1910. 
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ight ventricle and this was carried up to the base of the heart. and the 
2 walls held apart by fine hooks fixed to thread. In making the 
imoisions it is frequently necessary to ligature some of the fine branches 
of the coronary artery. The ‘incisions must be extended if necessary 


until the bundle can be defined clearly, the distribution of the bundle 


varying considerably in different hearts. The bundle will then appear 
as shown diagrammatically in Fig. 1. When the bundle was cut 


across the incision was made with fine scissors. at the upper edge of 


the muscular part of the septum’ in a direction running: downwards 
and backwards. It is essential that the bundle be divided as high 
up a8 possible, that is before it divides, and without injuring the 


Fig. 1. . Diagram to show the position where section of the bundle should be made in the 
rabbit. 4 is the right cusp of the aortic valve. B the posterior cusp and O the point 


2 


cuspe of the sortie valve. It will be pointed out later that it is im- 
possible. to obtain complete heart-block if the section is made, below 


the point of division of the bundle. Sometimes, perhaps in every third 


or fourth of the hearts examined, the bundle divides early and in these 


it is sometimes extremely difficult to cut efficiently above the bifur- 


cation, because the section must be made high up in.the interauricular 
septum and this is rendered dangerous by the close proximity of the 
aorta, which may be accidentally injured. The amount of tissue which 
must be cut through if the exact spot is chosen is very small, certainly 
not more than 2 or 3 mm. The bundle of the rabbit is much more 
difficult to cut completely across than that of many higher mammals, 
dogs, goats, monkeys, the strands of the latter uniting in a common mass 
nstead of diriding prematurely, r. 
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AURICULO-VENTRICULAR BUNDLE 159 
: ’ Incomplete section of the bundle. To obtain a typical heart-block: — 
it is of the ‘utmost importance that the auriculo- ventricular bundle 
should be ssvered in the exact spot shown in Fig. 1. If the bundle is 
out a little low down: the commonest type of effect is that shown in Fig. 2. 
In such cases the ventricle stops beating from 10” to 60” : it then begins 
to beat again at first slowly, but quickly regains speed until a partial 
recovery takes place as in Fig. 2, where a 2:1 rate is established at the 
indicated mark. A second and third cut about the same position 
produce a similar type of effect though generally less pronounced, this is 
also shown in Fig. 2, and in this case recovery again recurred: to the 
2:1 rate, only every second auricular impulse evoking a ventricular 


‘the ventricle. Partial sections of the bundle were made at the two indicated marks. 
PP 


response, Occasionally after cutting the bundle low down recovery 
recurred to the 4:1 rate, where it remained for some time. In these 
cases. of incomplete section auriculo-ventricular arhythmia is not a 
marked feature and as the ventricle recovers its speed it generally — 
assumes a sequence as noted; namely every second, third or fourth 
aurieular contraction finds a ventricular response. But two facts in 
these “incomplete blocks must be clearly noted: (a) the ventricle, 
though it may be not until an hour has passed, ultimately assumes 
its normal rate and (ö) except just at first there is no auriculo: 
ventricular arhythmia. It may almost be stated as an axiom that 20 
long as. the smallest piece of the tissue of the bundle is left, un- 
divided it can carry all the conduction required and in all such cases 
11—2 
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after a period of partial block the ventricle will recover its. normal 
rhythm. One method to explain this is to assume that each strand of 
muscle fibre has a universal distribution like the afferent nerves to the 
cord, and it should be remembered that the great reticulation of these 
fibres and their fusion with one another is recognised. As the result of 
many experiments involving sections of the right and left branches 
y and their ramifications it has become quite clear that no part 


of the bundle can be regarded as supplying any definite part of either 


ventricle. Even the two divisions of the bundle cannot be distributed 
entirely to their respective halves since the most careful and complete 
section of one branch produces no block of its half (Fig. 3). Indeed the 
whole septum may be removed from the heart without obtaining any 


Fig. 8. Shows the effect a few minutes after section of the left branch of the A.V. bundle. 


The 2:1 rate has been assumed. Curves as before. 


sign of permanent heart-block, although one snip high up above the 


bifurcation causes immediate and complete block. Cohn and Trende- 


lenberg state that in some cases (cats and dogs) they were able to 
sever the right branch of the bundle leaving the left intact when they _ 
saw the auricular contraction pass to the right ventricle through ‘the 


intermediary of the left ventricle. — 


The incomplete block might obviously be explained by supposing 
that each incision into the bundle causes some vagal stimulation, and 
that as this excitation disappears the ventricles gradually assume the 
normal rhythm. Against this view it may be stated that the ventricles _ 
only very slowly assume their normal rhythm, it may not be until after — 


a long period, say an hour; during this time they may beat at only 


half the auricular rate though until the bundle is completely sectioned 


the ventricle beats are in sequence with the auricle. The effect, however, 
cannot be vagal in origin, since it may be produced at a time when the 
vagal endings are paralysed by atropine. If the bundle be sectioned so 
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as to produce complete standstill of the ventricle and a large dose of 
atropine be then sent through the heart (5 mgrs.) the effect is in no 
way influenced, and yet such a dose must have paralysed the vagus even 
in the rabbit, since muscarine is now found to have lost its inhibitory 
action on the auricles. Furthermore if the heart be perfused con- 

_ tinuously with a dilute solution of atropine in Ringer 001% an amount 
quite sufficient to annul any muscarine action, section of the bundle 
still produces all the effects which have been described, If the cardiac 
muscle be depressed by such drugs as potassium chloride or chloral 
hydrate, partial section of the bundle during the period of depression is 
almost without effect, a fact which suggests that these drugs act upon 
this specialised muscle before the ordinary musculature of the heart. If 
a dose of atropine be given so large as not only to paralyse the vagi but 
to depress cardiac muscle the same result obtains, that is during the 
depression partial section is without effect on rhythm ; but as the cardiac 
systole becomes stronger the effect of partial sections returns and at a 
time when the vagi are still paralysed. It must be accepted then that 
the action cannot be of vagal origin and this will be made quite evident 
after consideration of the effects of complete section of the bundle. We 
desire however to draw particular attention to these partial sections as 
until one is skilled in finding the exact spot they are so easy to produce, 
and with the smallest shred of bundle remaining intact some conduction 
occurs and block is incomplete. 

Complete section of the bundle. When the bundle is properly incised 
high up before division, 80 soon as the section is complete the ventricle 
after two or three irregular contractions ceases to beat and remains 
relaxed and quiescent for a time varying from three minutes to the end 
of the experiment two or three hours later. In the latter cases the 
ventricles respond quite well to mechanical or electrical stimulation but 
‘remain quiescent in the absence of these. In the vast majority of cases 
however after an interval of thirty minutes from the time of section of 
the ‘auriculo-ventricular bundle the ventricles have assumed a rhythm 
of their own much slower than that of the auricles but showing no form 
of sequence with them. The independent ventricular rate is commonly 
from three to five times slower than the normal heart-beat as shown by _ 
contractions of the auricle. Fig. 4 shows the typical result from a 
complete section of the bundle. In a few cases perhaps two or three 
per cent. after such section the ventricular beat quickened to such an 
1 We desire to draw perticular attention to the fact that atropine can for a time 
prevent the usual effects of partial section of the bundle. | 
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extent that its rate became more than half that of the auricles, but a 8 


he two chamberb. 
no case was there any form of sequence between t 
Ik a needle be inserted into an actively beating Heart in the — 


of the A. V. bundle before it divides one of the commonest effects is % 
— „ cessation of the ventricular beat i in precisely che ame 


7 
e 
* 
— 
* 
* 
* — 
¢ 
8 au | 
| 
4 * — ae | 
15 
4 a 


« 
* 
— 1 
or 


Pig 4. In “A” the — „ 
dundle is shon. In B taken several minutes later and whilst the ventricle was 
sil quiesdont crystal of sodium eiloride wes applied to the bundle between the 


— 


way sad identical with a partial mechion of the. 3 This effect i is 
shown in Fig. 5 where it will be seen that the ventricle ceases to beat 
immediately, whilst the-auricles continue practically. unaltered, Recovery, 
is gradual and generally complete in from two to ten minutes, and. the 
effect may be repeated an indefinite number of times and can be 
obtained quite well aſter large amounts of atropine have been given. 
Kronecker and Schmey’ found that puncture of a certain point in 


1 Kronecker and d. Akad, d. Wiss, Math. 
Kl. p. 87. 1884. | 
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tus interventricular ‘septuny stopped the beat of the ventricle. This 
faotiis urged by Kronecker in support of the neurogenic hypothesis 
of the heart beat. The only point in the interventricular septum which 
causes this effect so far as we can ascertain is the A. V. bundle before 
division ; such puncture must injure some of the muscle fibres and it is 


Fig. 5. Shows the ventricular standstill produced by inserting a needle into the bundle. 
_. (Kronecker effect.) Recovery was complete in a few minutes. Curves as before. 
evident that this fact affords no crucial evidence one way or the other 
as to the origin of the heart-beat. Not infrequently we have observed 

that after complete section of the bundle and when the ventricles had 

again commenced to beat and had assumed an independent rhythm 
of their own, reversed. conduction occurred. Sometimes nearly every 


Fig. 6. After complete section of the bundle and during complete arhythmia, Shows 


true back conduction. Complete arhythmia is present but ventricular contraction 
- sometimes causes a reversed conduction to the auricle. Time in secs. 
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contraction of the ventricle was followed by an auricular extra systole : 
and when the ventricle failed to cause such a systole the contraction 


Oocurred in the auricular refractory period. Biggs states he hadalso 
observed this effect, but Erlanger and Hirschfelder’ assert that after 


complete heart-block such conduction never occurs, and Fredericq and 


Hering* state that in heart-block spontaneous extra systoles do not 
pass to the auricle. Fig. 6 shows a record of an actively beating heart 


taken about one hour after the bundle was cut. In this the auricles 


were beating slowly, but arhythmia was complete and occasionally When 


the ventricular beat occurred a little after the auricular, an early 
auricular beat ensued from back conduction. , 


Attempts were made to block conduction by the application of a2 
5°/, solution of cocaine directly to the bundle. This was done by 
soaking the cocaine solution on cotton-wool and applying with forceps. 
No appreciable effect was obtained which could be imputed to an action : 


on the bundle, although any nerve fibrils with which the cocaine came 
in contact would certainly have been paralysed. Another point upon 
which some observations were taken was the interval between the beat 
of the auricle and ventricle (As—Vs interval). Biggs working on the 
rabbit stated that section of the bundle lengthened this period and 
Hering? states that destruction of the S. A. node leads to a diminution 
of the interval. We found that after an incomplete section of. the A.V. 
bundle this interval was always increased bit that recovery was the 
rule. Thus in one experiment where the ventricular beats were reduced 
to one-fourth those of the auricle as the result of such a section, it was 


estimated that the As—Vs interval occupied about one-fourth of the 


total cardiac cycle whilst in the normal rabbit it does not occupy more 


than one-seventh. After ten minutes the interval had assumed its 


normal measurement. 


From the region of the bundle a fine white „ 


running outwards on the auricular septum between the superior and 
inferior vena cava. Section of this line, which though extremely fine 


is generally quite easy to see, causes, in most cases, the auricles to 


cease beating for a varying time from about thirty seconds to two 


minutes whilst the ventricles continue to beat at their normal rate 


(Fig. 7). When we say the auricles cease beating we are not prepared 


to state that contraction is not present in the interauricular septum, — 


1 Fredericg and Hering. Report of Congress of Internat. Med. Munich. Semaine 
Med. p. 228. May 9th, 1906. 3 Ss 
Hering. Munch. Med, Woch. April 27th, 1909. 
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but only that the auricles as observed by the naked eye and as recorded 
from the appendices by levers fail to show contraction. Recovery when 


once the auricle makes a beat is very rapid, and arhythmia is never 
present ‘at any period, that is to say each recorded auricular beat 


doocupies its proper position in the cardiac cycle. The effect looks 


very like an inhibition, and microscopical section of the white line shows 
that it is composed mainly of nerve cells. If the S. A. node could be 


regarded as a centre dominating the rhythm of the heart? it is difficult 
to see why its destruction does not decidedly influence the rhythm. 


Fig. 7. Effect of eutting the white line. The serrations of the aurioular line are 


mechanical. 


Lewis and his colleagues“ explain this by the suggestion that if the 
original pacemaker is destroyed it is probable that another portion of 


the auricle assumes this function without an appreciable change in rate 
or rhythm.” These observers show that the point of primary negativity 


on the superficies of the right auricle lies superficial to the S.A. node. 


Erlanger“ from experiments on the cat's isolated auricular strip, has 
shown that rhythmicity is not dependent upon the presence of nodal 
tissue, In view of these facts it is unlikely that the S. A. node exerts 
any effect on the rhythm other than can be induced by the nerves, 
vagus. and sympathetic, which enter the heart in the vicinity. 

The ventricular beat may be quite independent of the main auricular 
contraction, since after section of the white line the ventricular beat 


Black. Journ. Physiol. xia, p. 64. 1910. 
*Ineger. Zirbl. f. ges. Med. May 28th, 1910. Deutsch. Arch. J. Elin. Med. Ol. 1, 


1910, 
Lewis and B. 8. and Adele Oppenheimer. Heart, 1. p. 147. 1910. 
Erlanger. Amer. Journ. Physiol, xxvu. p. 87. 1910. 
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is unchanged whilst the auricolar ceases so far as can be amn 
naked eye observation: and the auricular beat may be quite independent 
of the ventricular, since section of the A. V. bundle leaves the auricular 
beat unchanged whilst the ventricle may cease to beat. The one und 
only point in our experiments in which the chambers of the heart are 
correlated is in the A. V. node and when thts is ache the two 


are no longer correlated. ar 


It is cleat then that section of the A. V. Fan results in heart- 
block, and our view is that this is not so much because the auricular 
peristaltic contractions are unable to reach the ventricle as because the 
ventricle is separated from that portion of the interauricular septum — 
in which lies its centre of rhythm. 4 

The effect of stimulation of the bundle. So far as we are aware no 
observations have been recorded as to the effect of stimulating the 
bundle of His, Our experiments: were made with electrical, chemical 


= 4 shows the effect of electrical stimulation of the bundle with the secondary ooil 


sit Toms. B shows the same effect some a 


ol the bundle. Curves as before. 


and thermal stimulants. For the electrical experiments electrodes were 
made of two fine (No. 20) entomology pins: these were passed through 
a small cube’ of cork and made firm with wax and elastic glue. ‘They 
were so small and light that they could easily be placed in any portion 
of the ‘rabbit's heart and remain fixed so that it was possible at any 
moment to pass a tetanising current through the tissue they enclosed. 
II these electrodes be placed in the A. V. bundle before division b 
a faradic current be passed through with the secondary coil at 8 or 
10 ems, the first and most noticeable feature is marked acceleration — 


1 ‘The current bold just be felt on the tong when coll we 15 
and was unpleasant when the coil was at 10 ems. 
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of the ventricular heart-beat. In Fig. 8 a record is shown in. which 
such a stimulation was made. The auricle and ventricle were beating 
synchronously and well, and when the current was passed through the 
bundle the ventricular rate became much increased, relaxation’ in 
diastole was hardly apparent so that the heart was in a condition. of 
tonus and its movements were much too rapid for precise record on the 
smoked paper. The condition closely resembled that of the “delirium 
cordis” seen in the last stage of digitalis poisoning. In this experiment 
the rate of the auricular beat was increased also, except that one pause 
occurred when the auricle missed two or threé beats; but so far as one 
could judge from the naked eye the acceleration of the auricle was far 
behind that of the ventricle. It may be noted here that this effect on 
the auricle is not constant, quite often whilst the ventricle gives the 
_ typical result the auricle may be slowed, or may show a series of changes 
of alternating acceleration and inhibition. 

After complete section of the bundle and after a sufficient time has 
been allowed to elapse (1 or 2 hours) to allow the ventricle to attain its 
independent rhythm, the same stimulation with the electrodes produces 
the same type of effect on the ventricles as before. This is shown in 
the second curve of Fig. 8. In this tracing the effect of electrical 
stimulation on the ventricular movements is to cause very decided 
increase in the rate, and the acceleration is so pronounced that 
relaxation in diastole is not complete. An effect similar to that of 
B was obtained before section with the secondary coil at 10 cms. The 


effect shown in A is of the same nature as that shown in B but much 


more pronounced, so that the individual heart-beats have become 
uncountable and are not properly recorded. The effect of section of 
the bundle on the auricular movements when stimulation is applied 
below the section is usually to cause some slowing and this is shown 
typically in Fig. 8 B, although in this instance. the section of the bundle 
was not complete. The explanation of these varying effects on the 
auricular beat is probably furnished by the curves shown in Fig. 9 
which forms a series of records from one experiment. In the first 
- tracing a stimulation of the bundle was effected with the secondary 
coil at 7 cms. The ventricle entered into a tonic contraction as before 
and the auricular beats were slowed. The electrodes were left in situ 
and were not moved throughout this experiment. Atropine was. now 
slowly allowed to pass through the coronary vessels, in all 20 mgrs, 
This caused a temporary diminution of force of the ventricular 
contraction; so soon as this had passed the bundle was again stimulated 
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and the ventricular effect was precisely as before, but acceleration of 
the auricles also was now a marked feature suggesting that the slowing 
noted in the first instance was probably vagal in origin. In every case 
in which slowing of the auricular movéments followed stimulation of 
the bundle, the administration of atropine converted this into accelera- 
tion. The bundle was now cut through above the electrodes but 
without interfering with them. About half an hour was allowed to 


of 


Fig. 9. 4 shows the effect of elesteieal stimulation of the normal bundle coil at 7 om. 
B shows a similar effect after 40.c. of a 0°5°/, of atropine had been perfused 
through the heart. C shows a like effect after section of the bundle. Curves as 


elapse for the ventricle to attain its own rhythm and stimulation was 
again resorted to. It will be seen that the ventricular effect remains 
typical whilst the auricular beat is not very decidedly affected. We 
believe then that stimulation of the bundle with a weak current causes 
acceleration of both the auricles and ventricles. As the current is 
strengthened the diastolic pause of the ventricle becomes less and less _ 
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and the heart remains in a state of tonic contraction. The effect on 
the auricle is less marked and is sometimes masked by vagal action. 

The objection to all such forms of stimuli is the leakage of current 
which must occur into the surrounding tissues; but although by this 
means of stimulation it is impossible to avoid such leakage it can yet 
be shown that stimulation of other parts of the heart with the exception 
of the interventricular septum is without action of this kind. Thus if 
the electrodes. be placed on the outer wall of the heart or on a portion 
of the cut ventricles the same strength of current is practically without 
effect on the heart-beat, but if the electrode be placed anywhere along 
the known distribution of the bundle, as in the ventricular. septum, an 
effect is obtained of the same nature as that occurring when the bundle 
is excited before division, except that it is less pronounced (Fig. 11). 
_ Roughly speaking, the further the electrodes are moved from the origin 
of the bundle the smaller the result obtained. We believe then that 


Fig. 10. Record of the heart after complete section of the bundle. At 4 « crystal of 

- gommon salt was applied to the cut edge of the right ventricle. At B the salt was 
applied to about the centre of the ventricular septum and at C the crystel was. 
placed on the seat of section of the A.V. bundle. : 


these effects are true bundle excitations because they only occur with 
intensity when the bundle is stimulated at its origin and because as 
the electrodes are moved downwards on the septum, that is as the 
bundle ramifies on the septum the effect becomes less and less. Where 
the bundle does not exist electrical stimulation is without this action. 
It is obviously necessary however to obtain a more suitable form of 
stimulus. Heat yielded very unsatisfactory results but chemical 
stimuli accurately applied to one spot afforded complete verification: of 
the results obtained by the electrical method (Figs. 10 and 12) Of these 

chemical substances a hard crystal of rock salt of a suitable size, so as 
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to bs easily handled with a pair of forceps, gave the best results. Fig’ 10 


shows the recor of an experiment taken about an hour after section of 
the bundle. The auricles were beating quite regularly, the occasional 
“Kicks” ‘shown in the ‘tracing are the result of interference when the 
ventricle’ contracts. At the mark A a crystal of common salt was 

applied to the cut edge of the ventricle, It was almost without effect. 


KE Record of the heart after complete section of the bundle. At A the inter- 
ventricular septum was stimulated at about the junction of the upper third with the 
lower two-thirds. At Ba similar stimulation was made over the A.V. bundle. 


of the pantie shows the oflect of 
| applying the orystal of salt to the right branch of the bundle. B shows the effect of 


At: B was applied to about the centre of the ventrigalar 
septum, the effect is to cause some distinct acceleration whilst. the salt 
is in apposition, followed as soon as it is removed’ by inhibition of the 


ventricular beat. When however the salt is applied to the bundle at 


the point of section O very marked quickening at once follows and the 
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tonus of the heart is increased ; the effect in every way corresponds 
With that: already described as caused by the faradid ourtent. Moreover 
when the salt is removed the heart continues to beat regularly ſor a 
varying time generally from 5 to 10 minutes before it resumes the slow 
beat of its pre- stimulation condition. By a further application of salt 
the effect can be repeated an indefinite number of times. Each period 
of stimulation of the bundle resulting in acceleration of the heart is 
_ followed by a period of inhibition; these will be appreciated by: . 
reference to the figures. 
Fig. 11 is given to show the most 8 effect obtained by 
_ stimulating the interventricular septum below the point of division of 
the bundle. In this experiment two sets of electrodes were used, the 
ons was placed on the bundle before its division, and the other a little 
lower down on the septum after its fibres showed signs of ramification. 
| When the secondary coil was at 9 cms. septum stimulation gave the 
effect recorded at A. Stimulation of the bundle before division with 
the same strength of current gave rise to the much more profound effect 
shown at B. In this experiment the bundle had been severed some 
_ forty minutes earlier but the ventricle had not recovered a regular 
rhythm and at the time of stimulation it was beating very slowly, often 


two or three beats coming together; ‘the — movements. were ie : 


a ofthe. bungie 
‘ceased to beat automatically. Between ths 
- indicated marks of the A curve a ‘crystal of salt was applied directly 
t the right main branch of the bundle after it had commenced to 
" gpread out fan-like. Although the heart had not beaten for many 
minutes it now commenced to beat in an irregular though tumultuous 
fashion. The effect was obtained so far as one could observe on both 
ventricles alike and ceased a few seconds after the stimulation was 
removed. The auricles were unaffected. In the B curve the salt 
crystal was placed above the division and the heart commenced to beat 
regularly and rapidly and after the stimulation was removed the beating 
still continued for some minutes, the heart in the meanwhile getting 
slower and slower until ultimately it stopped aud assumed the pre- 
stimulation condition. The rhythm of the ventricle was its own 
throughout and exhibited no igelatiouship of any kind with that ot the 
auricle. 
Other chemical stimulants besides common ‘salt were used th 
for most purposes we found salt the most satisfactory... Most oft 
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. Soluble ionizable salts of potassium, sodium, lithium and ammonium 
were effective stimulants. The acids acted quite efficiently and Fig. 18 
shows the effect of citric acid after partial section of the bundle. 
Calcium salts on the 
other hand had no stimu- 

_ lant action. Fig. 14 shows 
the attempt to excite the 
cut bundle with a crystal 
of calcium chloride, the 
effect it will be noticed is 
one rather of depression 
than otherwise, and yet a 
crystal of salt applied to the 
same spot at once caused 
vigorous and rapid beating 
of the heart. It was noticed 
that atropine, after doses so 

large as to depress and 
weaken the cardiac muscle 
and of course to eliminate : asda 

muscarine, modified the effect of stimulation. Whilst the heart. is 4 

depressed stimulation of the bundle produces less effect than normally a 
but as soon as the cardiac systole approaches its normal contraction 1 
stimulation by chemicals exerts the usual effects ee 3 
_ Whilst the heart is depressed by drugs such as chloroform, chloral, 3 
or potash salts, as shown by the weakened ventricular systole, the 
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‘Fig. 14. Record of rabbit's heart sfter seotion of the bundle. Between the arrows 
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bundle of His loses its characteristic features: as already pointed out 
partial section no longer causes partial heart-block and excitation by 
either chemicals or electricity is without influence on the beat. These 
facts suggest that such cardiac depressants produce their effect largely 
upon the tissue of the bundle ; in | any case this tissue is ee 


affected. 


It might be 3 that the effects of the excitations described 
are not muscular but nervous in origin. As regards nerve cells this 
supposition was put to the test by the direct application of a solution 
of nicotine to the bundle. If the stimulant effects produced by electrical 
and chemical agencies had their origin in nerve calls the application of 
the nicotine should result in the same effect. 

If a 1% solution of nicotine be applied on a piece of cotton wool 

to the bundle no effect is to be observed for some time often for a 
minute or two. Occasionally however there may be some immediate 
inhibition: of both the auricles and ventricles, an effect which suggests 
excitation of vagal nerve cells, a supposition which we regard as valid 
since such initial inhibition is not obtainable after a suitable admini- 
stration of atropine. Whether however there be initial inhibition or 
not after a time, two or three minutes, the heart begins to quicken and 
very soon an effect is obtained, both as regards acceleration and i increase 
in force of beat, comparable with that of adrenalin. 

This effect can hardly be brought about in the same way as by 
direct stimulation of the bundle by rock salt for several reasons, Ifthe 
bundle contained nerve cells upon which the nicotine acted the effect 
should be immediate and should slowly cease when the nicotine was 
withdrawn as in the case of salt. Nicotine perfused through the isolated 
heart produces an effect precisely of the same nature as that described 
-when it is applied locally, and this makes it almost certain that the 
apparent local effect is in reality the specific action after absorption. 
The fact however appears to be clear that the effect of stimulation of 
the bundle with chemicals, is a muscle and not a nerve effect because 
the stimulation is only brought about by muscle stimulants and because 
the nerve cell excitants are without effect N after sufficient delay for 
absorption to occur. 

„It may be noted here that the effect. of 1 e nicotine through 
the isolated heart has not, so far as we are aware, been recorded. If 
the heart contains no sympathetic nerve cells as is generally supposed 
how is the marked acceleration and increased force of the beat to be 
_ accounted for. Langley clearly showed that no * cells were 
In. 
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present in the heart directly associated with the accelerator nerves. 
Vet nicotine produces an action exactly corresponding with such a 
sympathetic stimulation, that is an adrenalin type of action, and this 
effect is still produced though to a much smaller degree after the 
administration of atropine. Langley and Dickinson’ note that the 
second and later applications of nicotine to the frog’s heart not in- 
frequently cause quickening of the beat. The nature of these cells 
therefore obviously demands attention. Roy and Adami* showed that 
in certain conditions stimulation of the vago-sympathetic in the neck of 
dogs caused a marked increase in force of contraction of the auricle and 
ventricle sometimes associated with acceleration. Dale and Laidlaw’ 
have recently obtained similar results. We believe then by a process 
of elimination that it must be the nerve cells connected with these 
fibres upon which the nicotine exerts its specifie action. Another 
possible explanation, which is indeed supported by some facts, is that 
the action of nicotine is not confined: to the nerve cell * that it 
a extends some distance down the neurone, 


2 


Adrenaline, Adrenaline administered to an actively 88 beart 5 
after complete section of the bundle still causes its typical action. 
Both the auricles and ventricles beat more rapidly and more vigorously 
but both these effects are much more pronounced in the auricles than 
the ventricles. The auriculo-ventricular arhythmia is of course not 
influenced. Fig. 15 shows such an effect, the arhythmia is-in this case 
very evident from the irregularity of the auricle tracing caused by the 
interference of the ventricular pull. Some experiments with aconitine 
were made by painting a solution on the bundle and they afford some 
probability that this alkaloid, which it is well known causes death in 
mammals by sending the heart into delirium, acts directly on the special 
muscle contained in the bundle. It must be noted that a relatively 
small amount of any substance in solution when applied on a piece of 
cotton wool and held against the auriculo-ventricular bundle is in time 
absorbed into the coronary circulation and causes the specific effects. 
We have obtained evidence that several poisons to the heart such as 
cocaine can be applied even in strong solution to the muscle i in she 


Langley and Dickinson. This Journ. Xl. p. 279. 1890. 
* Roy and Adami. Philosoph. Trans. Roy. Soc. cuxxxut. p. 248. 1002. 
a 2 Laidlaw and es This Journ. XII. p. 1. 1910. 
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manner named without appreciably affecting the beat, whilst if even a 
trace is injected into the coronary circulation the heart ceases to beat, 
It seems valid then to assume that if the direct application of aconitine 
to the bundle causes a typical action of the drug relatively rapidly 
whilst the similar application to the cut wall of the ventricle is without 
effect, within the same limits of time, the action is likely to be upon 
this specialised muscle of the bundle. : 


Fig. 15. Shows the effect of adrenaline after complete section of the bundle. Arhythmia 

Such an application of aconitine to the auriculo-ventricular bundle 
we have found causes a very marked effect commencing with acceleration 
of both auricles and ventricles followed by complete arhythmia with 
often the appearance of reversed conduction. Aconitine effects are well 
shown in Fig. 16. This is the record of a heart showing complete heart- 


Fig. 16. Rabbit's heart after section of the bundle which had caused complete cessation 
of the ventricular beat. At the arrow aconitine was applied to the out end of the 
block after division of the auriculo-ventricular bundle. At the arrow 
aconitine as a 0°1°/, solution was applied to the. bundle the ventricular 
beat gradually quickened till it exceeded the rate of the auricle, but 
arhythmia is complete. The evidence however that this is not the 
result of absorption is not conclusive. Another tracing, Fig. 17, shows 
the same effect on a drum moving more rapidly. Here five auricular 
| 12—2 
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beats correspond roughly with six ventricular. The ventricular con- 
traction recorded at A is just preceded by an auricular contraction, 
but the ventricular beats at B and C obviously precede the auricular 
- whilst the contraction F again is clearly preceded by the auricular 
contraction. If now the beating of the auricles and ventricles more 
nearly approximate as occurred later when there were thirty-four 
auricular to thirty-five ventricular beats, then during half a dozen of 
these beats the auricular will appear to follow the ventricular beat. This 
is of course not.a real reversal of action as that shown in Fig. 6 but 
an apparent reversal. The local action of aconitine on the cut bundle 
and on the intact bundle is of the same nature. 


| Fig. 17. Shows arhythmia after the administration of sconitine. 
Discussion of results, The power of rhythmical contraction is an 


inherent property of all plain muscle including isolated strips of cardiac 


muscle and isolated rings of arteries. The intact perfused isolated 


heart exhibits a rhythm different from the rhythm inherent to isolated 


strips of cardiac muscle mainly in that it is much more rapid. One 
point from which this augmented rate of rhythm appears to be initiated ) 


is somewhere in the region of the auriculo-ventricular node and the 
impulses to the ventricle are communicated by the muscle fibres 
contained in the auriculo-ventricular bundle. The experiments of 
Paukul (1909), who believed that he had ligatured the A.V. bundle 
completely without obtaining heart-block, are the only serious objections 
to the hypothesis that this bundle is the means of conduction between 
auricles and ventricles. Our experiments and those of Cohn and 


Trendelenberg are at variance with those of Paukul; when we have 


divided the bundle completely before its bifurcation we have ihn 
complete heart - block. 


forming this bundle is very sensitive to and 
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chemical reagents. This easy stimulation cannot be due to the presence 
of nerve elements for reasons we have already stated, but on the 
contrary it shows all the characteristics of muscle conduction. Nerve 
cell stimulants are without effect upon this tissue. Muscle poisons on 
the contrary very easily influence it. Thus the effects of stimulating 
the bundle either by electricity or salts are absent when the heart is 
depressed with chloroform, chloral, or potash salts, drugs which in the 
doses concerned are recognised as affecting muscle only and not nervous 
structures. It seems clear then that conduction from the auricles to 


the ventricles occurs through the muscular tissue of this bundle. 


It is generally accepted that it is the auricular contraction which 

starts the wave of contraction in mammals and that this wave meets 
with a resistance at the auriculo-ventricular groove. Our experiments 
suggest that both auricles and ventricles may possess a common centre 
for rhythm and that the ventricles may exhibit a perfectly normal beat 
when the auricles are apparently quiescent; this apparent cessation of 

the auricular beat may be induced either by section of the white line 
or in some cases by clamping the right and left auricular appendices 
(Kronecker). The evidence is not clear whether in these cases 
- auricular standstill is or is not nervous, but whatever the cause the 
fact remains. Gaskell argues in the case of cold-blooded animals that 
because the auricular beat is not easily seen, that does not prove its 
absence and that if the auricles be properly examined small beats can 
be observed. But whether this be so or not in mammals, and we have 
some reason to believe that during auricular standstill the interauricular 
septum is contracting, it is clear that the ventricular contraction can be 
‘independent of the main auricular contraction. One explanation of 
the facts is the assumption of a common centre of rhythm. This centre 
is situated in the auricular septum just above the attachment of the 
mesial segment of the tricuspid valve at the region known as the node 
of Tawara, which is connected with the auricle within the auricular 
walls by a network of special muscle fibres spreading out from the 
node, and with the ventricle by the bundle of His. The sino-auricular 
node cannot be the main centre of rhythm since rhythm is uninfluenced 
by its destruction. The effects which have been observed on stimulating 
this node are obviously mixed vago-sympathetic nervous effects due to 
the close proximity of these nerves on their entrance to the heart. 
Tue cause of the reversed conduction which may occur after complete 
- section of the bundle suggests that other means of conduction between 
the auricles and ventricles are available besides those of the auriculo- 
ventricular bundle. Another explanation may however be offered to 
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account for the fact. We have noted that after complete section of 
the auriculo-ventricular bundle the auricles may exhibit an increased 
irritability so that the mere contraction of the ventricle may cause a 
sufficient mechanical jar to the auricle to induce a contraction. In 
more than one experiment every ventricular contraction has been 
followed by a regular auricular contraction except when the contraction 


of the ventricle occurred in the auricular refractory period. We have 


not at present the data to decide upon the cause of this phenomenon. — 


CONCLUSIONS. 


1, Incomplete. section of the bundle of His causes partial heart- 


block generally without arhythmia and with complete recovery. The 
effect is quite independent of the vagus. 

2. The smallest portion of bundle tissue left undivided can carry 
all the conduction necessary for a normal ventricular rhythm. In the 


rabbit it is not possible to produce block in one ventricle by e 


section of one division of the bundle. 
3. Complete section of the bundle causes complete heart- block . 


after an hour or two in most cases the ventricle assumes its own 


independent rhythm three or four times slower than that of the 
auricle, 


4. Kronecker and Schmey’s effect is 5 by injury to the 
auriculo-ventricular bundle. 


5. In complete heart-block reversed conduction sometimes occurs. | 


6. The As—Vs interval is found to be increased after partial section 
of the auriculo-ventricular bundle. 
7. The auricles as a whole may be made to cease beating without 
effecting the ventricular rhythm, suggesting that the ventricular beat is 
not a simple conduction from the auricular contraction as a whole but 


that the effective beat is started from a specialised 8 


auricle. 
8. Stimulation of the bundle with electricity or salts causes a 
tetanus: this effect is marked with the stimulus applied to the bundle, 


is much less pronounced on the septum and on the course of distribu- 
tion of the bundle, and is absent on the body of the heart or the cut 


edge of the ventricle. 


9. Reasons are given for believing (1), that conduction by the 7 


bundle is myogenic, (2) that the A.V. node is the one point essential 
for the production of the ventricular rhythm. 


der- expenses of this research ware defrayed by a grant from the Royal Society.) ae 
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on THE. MODE OF PRODUCTION OF LACTOSE IN 
THE MAMMARY GLAND. Br D. NOEL PATON axp 
EP. CATHCART. 


(Prom te Phil of University of Glasgow.) 


Tur mode of production of the lactose in the | 
gland is a problem which has not yet been solved. As is well known, 
upon hydrolysis lactose splits into a molecule of dextrose and into a 
molecule of galactose, a sugar which is not found free in the body. 

The idea that the galactose is derived from the galactosides of 
vegetables hardly requires consideration since lactose is the sugar of 
the milk of carnivores as well as of herbivores. The view of Paul 
Bert? that a glycogen-like precursor of lactose exists in the mammary 
gland is without foundation, and Thierfelder's theory that the gland 
— an enzyme which develops lactose from some precursor also 

rests upon no substantial basis. P. Mayer“ failed to find in the 
decomposition products of the proteins of the gland any substance from 
which galactose might be formed. Basch? was unable to demonstrate 
the presence of an enzyme capable of producing a synthesis of glucose 
and galactose, Cremer‘ advanced the theory that the gland possesses 
the power of changing glucose into galactose for the formation of lactose, 
a @ view as to the mode of action of the gland which has been supported 
by Porcher’. 

The gland must either form the lactose independently of the store 
of carbohydrates in the body, or it must utilise the preformed carbo- 

hydrates through the glucose of the blood. It may do so by forming 


1 Gas. Med. d. physiol, Bioch. 1. 
2 Jnrg. p. 875. 1908. 

2 Deutsche med. Wochensch, p. 6. 1899. 

2 Ergeb. d. physiol. Bioch. 1. p. 875. 1908. 

teck. f. Biol. p. 188. 1896. 

5 Arch. Internat. de Physiol. vrt. p. 856. 1909. 
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10 D. V. PATON AND E. P. CATHOART. 
the lactose entirely from this source or by using the glucose to synthesise 


with the galactose produced as a specific product of the gland. Attempts 


to solve the problem have been made by removing the mammary gland 
from pregnant animals in order to find if after parturition dextrose 


appears in the urine, a phenomenon which might be taken to mean 


that the glucose formed in the liver or elsewhere in the body is used by 
the mammary gland in the formation of lactose. But the results recorded 
have been most contradictory and no definite conclusion can be drawn. 
Thus Paul Berti from his experiment of removing the mammary gland 
in two pregnant goats and getting a reducing substance in the urine 
after parturition, concluded that the dextrose of the blood is used by the 
gland in the formation of lactose. Moore and Parker“ repeated these 
experiments with negative results, Porcher“ on the other hand found 
a large amount of glucose in thé urine of goats without the mammary 


gland and concluded that the animal changes the glucose of the blood 
into lactose. More recently Marshall and-Kirkness‘ repeated the 
experiment on guinea-pigs with negative results. This method does 


not appear to us to promise results of value, since it seems probable that 
the increased sugar production in the body for the preparation of lactose 


in the gland may be determined by the growth of the gland itself, 
possibly through an internal secretion, and that it may not make 


itself manifest in the absence of the gland. 


It seemed probable that light might be thrown on the question by 


clearing out to a greater or less extent the available supply of glucose 
by the administration of phloridzin. The paper of Fichera“ which 
attempts to prove a glycogenetic action of phloridzin upon the tissues 
appears to be so inconclusive that it need not be considered in face of 
the definite evidence that phloridzin does cause the elimination of sugar. 
If the glucose of the body is the source of the glucose used by the gland 
for the formation of lactose, this procedure should either markedly 


decrease the formation of lactose, or it might possibly cause the appear- 


ance of galactose in the milk, The further question of whether 
phloridzin causes the appearance of lactose in the urine of animals 
during milk secretion or whether it may manifest an action on the 


mammary gland similar to that exercised on the kidneys seemed to us 


1 C. R. de PAcad. d. Scien. xovin. p. 775. 1884. 
2 Amer. Journ. of Physiol. rv. p. 239. 1900. 
C. R. de Aead. d. Scien. oxxxvmt. p. 888. 1904 
* Biochem. Journ. 1. p. 1. 1906. ; | 
Siegler s Beitr. XVI. p. 292. 1904. 
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worthy of observation. Since our experiments were completed we find 
that the same method has been employed by others. Cornevin' injected 
10 and next day 20 grs. of phloridzin in a Normandy cow and records 
a great increase in amount of sugar per litre of the milk. Pappenheim“ 


records in the goat a marked fall in the output of milk and of lactose 
under the administration of phloridzin and states that the sugar of the 


milk gave no fermentation and that it is therefore lactose alone and 


further that in the urine glucose alone appeared. The possible appearance 


of galactose does not seem to have been considered. Cremer’ records 
a fall in the milk secretion and a fall in the total sugar and he concludes 


that phloridzin has no special action on the cells of the mammary gland 


and that its action on the kidneys is without analogue. Porcher gives 
experiments on a cow in which the administration of 20 gm. of phloridzin — 
did not materially modify the output of sugar. In his most recent paper“ 
Porcher reviews his previous work. He concludes that Cornevin is 
wrong as to the marked increase in the milk sugar per litre following the 
administration of phloridzin, and points out that there may be a notable 
diminution in the amount per diem which he ascribes to the decreased 
milk production. This he believes is due to the diuresis, but in our ex- 
periments diuresis was not present. He further concludes that phloridzin 
simply causes a glycosuria without lactosuria in milking animals. 
Our experiments were carried out upon a goat in milk, weighing 


about 30 kilos. 


- Methods. The goat was kept in es specially constructed to allow 


5 of the collection of urine. It was milked twice daily at 9 am. and at 


5 p.m. The chemical methods which we employed were: total nitrogen 
by Kjeldahl's method; ash by the ordinary ignition method; fat by 
the Leffmann-Beam method with special small tubes; and lactose by 
the method described by Shimidzu, in which the protein is removed 
by the Ritthausen-Munk method and the sugar estimated by the 
Pavy-Kumagawa-Suto method. This method we found to yield very — 
good results. It is not very troublesome to 5 out. The analyses 
were done in duplicate. 

Results. In order that the withdrawal of glucose might be made 


to manifest its influence the supply of carbohydrates in the food was cut 


down to a low level. This was only possible by limiting the supply of 


1 C. R. de FAcad. d. Scien, cxvi. p. 268. 1898. 
2 Arch. f. Verdawungs Krankht, ur. p. 421. 1898. 
Etch. f. Biol. WI p. 59. 1899. 
0. R. Acad. Se. oxxxmt. p. 1457, 1904. 
Arch, Internat. de Physiol. vn. p. 356. 1909. 
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food, and at once the difficulty presented itself that reducing the diet 
reduces the milk production and the output of lactose in the same pro- 

ion. Hence we have not so far succeeded in completely depleting 
the supply of glucose available to the mammary gland. All we have 


been able to do is to reduce it. The results have been quite distinct. 


They are shown in the following records of experiments. 


Ex. I. June 1909. The goat was fed upon a low det of newly out grass, about 


TABLE I. 


990 29-96 


‘morning of the date given. 
“The urine is the rine of the 24 hours to 10 a.m. on the date given. 


Exp. II. October. The gost had for first three days a full diet ot oats 780 gms., 


hay 800 gms., turnips 1600 gms. 
For the following six days oats 875 gms., 800 , turnips 800 
last two days the full diet ds given above. 


carbohydrate and 


TABLE II. 


2 


8 


F. 


“4 
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5 Milk rine 
a Lactose Amount collected Sugar as % 
. Day of Amount 
5 in amount in in dextrose present 
: 1 1110 $1:18 — — 
4 2 540 15°58* 600 5°76 (total) 
550 1-7 
4 3 420 11 ” 
“ 4 | 21:58 200 None 
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In spite of the small dose of phloridzin the effect is quite marked, 


a fall in the amount of milk and in the output of lactose taking place. 
On the first phloridzin day the urine yielded almost entirely lactos- 
azone with phenylhydrazin, on the next day mostly glucosazone with a 


small amount of lactosazone. On the third day there was fermentation 
but no glucosazone crystals were found. 


The experiment again shows a marked fall in the milk secretion and 
in the lactose formation. 

On the first day of phloridzin the urine gave lactosazone and some 
glucosazone crystals. On the second day the glucosazone crystals pre- 
dominated and on the day after the second dose of phloridzin, when the 
amount of sugar reached 7°14 p.c., the presence of lactosazone crystals 
was very doubtful. 


Exp, III. The goat’s food consisted of a full diet for two days consisting of 
oats 745 gms., hay 800 gmas,, turnips 600 mm,, followed for eight days by s low diet of 
oats 800 gms., bran 50 gms., hay 250 gms., turnips 800 gms. 

In this there were about 318 gms, available carbohydrate and fibre. On the third and 
experiment the full diet was again given. | 


TABLE III. 


™ 


Amt. Sugar as dextrose Nitrogen 


11 
12 %1 1011 401 216 „„ — 
14* 160 6°40 8°36 . 1°55 275 5°71 157 182 5005 
15 161 „ 320 214 2˙16 
16 196 7°64 68 1-78 7 460 2°10 966 140 26°70 

230 8°85 46 1°68 400 — — 1078 4°31 
18 0 920 58 209 Ful 20 — — 9888-84 
19 — — — — — 350 — — 1806 6°31 


+. At the beginning of each of these days four gms. phloridain were injested. 5 


In this experiment the fat and ash of the milk were determined by 
Dr Findlay and the nitrogen was also determined. While the ash and 
total nitrogen varied directly with the amount of milk and lactose, the 
fat showed a very marked rise upon the * when the lactose reached 
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its lowest level and upon the succeeding day when the a er. | 


cretion of sugar in the u urine (Chart 


im 
Leclese 1 
Fak 
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Aa 


— 
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Days. 


of the urine shownd. apon. the day of 
glucosazone and lactosazone crystals, upon the next day a smaller pro- 
portion of lactosazone and upon the next again no récognisable lactos- 
azone crystals. After fermentation the N of 88 1 left 
as dextrose was— 
11, 10 0-308. 
0-293. 4 

16 
That thin wan lactone is indicated by increase in 
hydrolysing to abont double the previous figure : 

Direct estimation 
after ferment further 
7 11. 10 808 


"298 
| 16 „ 56 
The endpoints of the reactions were indistinct. 
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Aſter Exp. III. the goat was milked only once daily at 12 o'clock, 
and was kept upon full diet from Nov. 19th to Dec. 5th. The sur- 
prising result obtained with the fats in Exp. III. induced us to do 
another experiment. 

In kind the results obtained resemble those of the previous experi- 
ments; but in extent they are much more marked. The amount of 


Exp. IV. On the 6th and 7th, four gms. of phloridzin were given and on the 7th a 
little bleeding was observed through the needle of the syringe. On the 5th the goat was 
put upon a diet of bran, hay and turnips. On the 10th, 500 gms. of oats were added, but 
these were not given after the 13th. 


TABLE IV 
Milk per diem Urine per diem | 
Sugar as Osazone érystals 
Amount Lactose Fat Amount dextrose Nitrogen 
Date in cem. in grm. ingrm. in cem. in grm. ingrm. Glucose Lactose 
6.12. 10 200 7°80 2°2 — — — — — 
ee or 270* 11°07 8-2 260 9°60 2°73 + 0 
8 135 5°26 9°45 190 7°29 1°66 + — 
9 180 702 8°42 435 78°30 9°75 + + 
10 85 8°06 8°74 250 28°50 3°60 + + 
11 65 214 8-90 166 18°80 4°65 + + 
12 190 5°70 8°36 85 7°00 1°88 + + 
18 250 9°00 8°50 0 0 0 0 0 
14 285 — — 175 11-09 8-07 + + 
15 330 — — 880 1400 5°88 +: 1 
16 300 6˙00 640 8°20 — 
171 Not — — Not — — 
measured 
191 850 — 490 200 5°88 — . 
20 825 — — 180 788 — + + 
310 744 40 + + 
22 850 — 8°40 0 — — + + 
23 878 — 70 — — + + 
25 — — — — — — — — 
6.111 215 — 
100 — — 196 — — * + 
12 10 — 3˙60 6 — — 0 + 
16 — — — — — 55 0 + 
1 


1 Goat was allowed out of stall for several hours each day. 
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sugar in the urine rose to no less than 78 gms. on the 9th, i.e. in the 
urine passed on the 8th, while the nitrogen rose from 2˙5 gms. to 10 gms. 
But the most interesting point was that the goat continued to excrete 
dextrose till Jan. 9th, de. for more than a month. After this glucose 


was absent from the urine 
the 14th. 


although traces of lactose were present till 


We are not aware of any other instance of the persistence of a 


glycosuria of over a month’s duration following the administration of a 


dose of phloridzin. It is to be regretted that no examination of the 
amount of glucose in the blood was made. 


7 
* 


pak 
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Chart II. 


_ The urine gave the reaction of phloridzin with: perchloride of iron till 


the 11th and on the 12th 
heat was present. 


and 13th a trace of proteins coagulated by 


The milk fell from 200 cm. to 65cm. The lactose fell from 8 gm. 


to 23 


gms. a fall out of proportion to the fall in the amount of milk, 
while the fat showed an initial rise to over 9 gms. on the 8th, and a 
later and more sustained rise to 8 gms. on the 12th and 13th (Chart II). 


The fat was again determined on the 16th, 19th and 21st, 22nd and 
23rd, and on Jan. 6th and 12th. The lowest figure of the series was 
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40 on Dec. 19. With the disappearance of glucose from the urine 
after Jan. 9th the figure fell to 3:6. 

The enormous excretion of sugar in the urine on the 9th followed by 
the very marked fall in the sugar of the milk on the 10th and 11th, 
led us to consider whether possibly in this case a failure to completely 
synthesise the lactose of milk had occurred. Unfortunately only 
200 cm. of the diluted protein free milk remained, equivalent to 10 cc. 
of milk. This had been evaporated and preserved, and it was re-dissolved 
in 100 c.c. of water and a direct determination of the lactose made with- 
out hydrolysis. The result should, of course, correspond with the 
calculated results previously arrived at after hydrolysis, if lactose is the 
sugar The following results were obtained: 


hydro. Before hydro- 
7.12.10 10°6 9041 
8 110 09 223 
9 11 220 
10 28-8 
11 18 ˙1 249 21°8 


The fact that whereas on the 7th, 8th, th and 10th the observed 
reduction of the non-hydrolysed sugar corresponds with or is rather lower 
than that of the calculated figure for lactose, on the 11th it is actually 
3 cc, greater suggests the possibility of the presence of a mono-saccharid 
along with the lactose. The amount of fluid at our dispose! was ~~ 


ConcLusIoNs. 

These experiments show that, while under phloridzin there was no 
marked increase in the amount of urine secreted, the amount of milk 
Low diet Phioridxin 

Exp. II 285 to 170 
Exp. III 26 ſto 1351 
Exp. IV 200 to 65 
si lactose of the milk fell 
Low diet After phloridzin Fall 
9°25 6-49 2°76 
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The lowest output being reached either on the day that the largest 
output of sugar occurred in the urine or just after this, 
These experiments indicate that the glucose of the blood is used by 


the mammary gland in the formation of lactose. They leave unsolved, — 


however, the question of the source of the galactose. 


The fact that, despite the decreased formation of lactose, sugar 


appears in the urine seems to us to hint that there is a limitation in the 
supply of a precursor common to both its constituents, and to suggest 


that the glucose of the blood is probably the forerunner of the galactose 


as well as of the dextrose of milk sugar. The only hint of a possible 
independent source of galactose is to be found in the result of the sugar 


determination in the milk of the 11th in the last experiment. This 


point we intend to investigate further next summer. 
The conclusion that the blood glucose is the source of the lactose is 


supported by the observations of Porcher that before delivery dextrose 
may appear in the urine in the human subject but that after delivery 


when sugar appears it is lactose. Our observations also indicate that 
_ phloridzin increases the permeability of the kidney for lactose as well as 
for glucose. 

Ihe increase in the fat of the milk indicated by the last two 
experiments is of very special interest. Rosenfeld* showed that 
in fasting animals, the administration of phloridzin causes a great 


increase of fat in the blood and in the liver. Is this another indication 


that for the utilisation of fats the presence of carbohydrates is necessary, 
and is this increase in the fat of the milk an expression of a non-meta- 
bolism of fat in the mammary gland the result of the — of 


sugar? 


Trust.) 


1 Just before sending off this paper we have found the record of u single experiment en 
the influence of phloridzin on the fat of the milk of the goat by Graham Lusk (Ztsch, — 


J. Biol. In. p. 42. 1901). FFG 
but a decrease in the total amount. 


Ergeb. d. phys. Bioch. u. p. 70. 1903. 


— 


(The expenses of this investigation were defrayed from a grant from the Carnegie | 
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Descaterion OF THE CASES STUDIED. 


Tun condition known as Bence-Jones proteinuria | should not fail to 
interest the physiologist as well as the pathologist. The appearance, in 
the course of a disordered metabolism, of protein material which escapes 
breakdown, and passes the kidneys in such amount that the nitrogen 
contained in it may amount to a third or more of the total nitrogen 
excreted; the peculiar characters of the protein, and the fact that, 
though a highly complex substance forming colloid solutions, it may be 
passed in large quantities and for long periods by kidneys which remain 
impervious to plasma proteins, and which are—to all appearance at 
least—histologically intact: these are aspects of the condition of 
significance for all concerned with the processes of metabolism and 
excretion. A proper understanding of the disturbances involved could 
hardly fail to throw. light on normal protein metabolism. The physico- 
chemical properties of the excreted product deserve, too, the attention 
of all concerned with the study of colloid solution. 2 
Considerably more than a hundred cases of the condition have now 
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commoner than was formerly supposed. It has hitherto been found 
(whenever reliable evidence has been forthcoming) always in association 
with disease of the bone marrow; in the great majority of cases with 
myelomatosis (multiple myeloma); more rarely with lymphoid hyperplasia 
of the marrow (A. V. Descatello). It is possible that it may be associated 
with true osteomalacia (Jochmann and Schumm; Gascard). | 

It is not necessary for the purpose of this communication that we should 


attempt here any general survey of the literature of the subject’. After 


the first description of the condition by Bence Jones“ in 1848, only 
seven. cases were recorded during the fifty years which followed ; but, 
when at the end of that period the publications of Kuhne“, Kahler 
and Huppert“, A. Ellinger“, and, in this country, of T. R Bradshaw‘ 
had recalled general attention to the subject, the record of cases grew 
apace. Of the more complete studies, which have yielded results related 


to our own, we may mention particularly those of Magnus Levy’, of 
Abderhalden and Rostoski®, and of Allard and Weber“. Other 


references will be given later as occasion arises. Magnus Levy’s 
work was of great importance in giving to the excreted substance its 


right place in the classification of proteins, and in indicating that its ) 
peculiar behaviour when urine containing it is heated is due to the 


influence of other urinary constituents. Abderhalden and Rostoski 
for the first time submitted the material to modern methods of analysis 
and upon these lines confirmed Magnus Levy’s view that it is of the 
nature of an intact protein and not a product of partial hydrolytic 

cleavage. They added the interesting fact that the urinary protein 
yields a precipitin active with human serum, and must therefore represent 
assimilated material and not an exogenous product diverted directly 


from intestinal processes. Allard and Weber followed its — 7 


1 Among the more recent V 
de Graaff, Zeits. physiol. Chem. xxxtv. p. 393. 1902; Parkes-Weber, Trans. Roy. Med. 
and Chir. Soc. uxxxvt. 1908; C. W. P. Moffatt, Lancet, Jan. 28, 1905. For the histological 
side: Parkes-Weber and Ledingham (cited in text). See also the Articles by Mohr 


in V. Noordon’s Hab. d. Path. d. Stoffw. u. p. 864; and A. Ellin 2 
Hdb. d. Mock. n. (2), p. 657. : 


Bene Jones. Phil. Trans. Roy. Soc. I. 1848, 

Kuhne. Zeitsch. Biol. X. p. 209. 1883. 
Kahler and Huppert. Prager Med. Wochensch. x1v. p. 26. 1880. 

A. Ellinger. Arch. Min. Med. n. p. 255. 1899. 
* T. R. Bradshaw. Trans. Med. Chir. Soc. uxxxt. and IxxXI. 
Magnus Levy. Zeit. physiol. Chem. xxx. p. 200. 1900. 

_ Abderhalden and Rostoski. Ib. XII. p. 125. 1906. 

Allard and 8. Weber, Deutech, med. Wochensch.-p. 1951. 1906. 


ait 


* — — „ : 


= 
| 
4 


< * 


por. 
‘ 
* 
2 
— 
2 
| 
> 
* 
5 
‘a 
4 
— 
52 


BENCE-JONES PROTEIN... 197 


india aie more prolonged period than others had done, the 
most important result of their work being the proof that the amount of 
its excretion was largely independent of the amount and kind of protein 
ingested. 

The present paper deals, more fully than any previously published 
work, with three aspects of the subject; the physical chemistry of the 
protein, particularly as regards the influence of electrolytes in determin- 
ing its peculiar behaviour on heating; the pure chemistry of the substance, 
and especially its content of various amino-acids; lastly the metabolism 
of individuals excreting it, mainly on the lines of a comparison between 
the amount of protein and of the total nitrogen excreted. 

Our observations have been made upon the urine of three persons, 

a woman and two men. The general properties of the protein were 
studied with material from all three cases. A complete analysis of it 
was made in two; so that a comparison became possible. The meta- 
den Sollowed for » long period in the case of the woman ; briefer 
observations being made in the other cases. In the woman necropsy 
established the existence of extensive myelomatosis. No post mortem 
examination could be made in the other cases. 

- Case A. Female, act. 65. The case was met with in the private 
practice of one of us (H. S.) The patient was first seen in Nov. 1904, 
when she complained of severe lumbar pain. The condition of the urine 
was first recognised in Dec. 1904, though it might have existed earlier. 
For nearly three years after this the woman’s general health was 
sufficiently good to allow her to carry out household duties, though 
she was anemic, and subject to much pain. The pain spread to the 
sternum and long bones and continued with occasional exacerbations 
till the end. Kyphosis of the lower dorsal spine developed. A few 
months before death there was fracture of the surgical neck of the right 
humerus. as the result of a very slight accident, but good bony union 
followed. Late in 1908 the patient was in the Bedford County Hospital 
under the care of Mr Gifford Nash, and she died there on Jan. 25th, 
1909. The necropsy was made in the presence of one of us (F. G. H.) by 
Dr F. Parkes-Weber. A careful study of the matrow growth found 
was made by Parkes-Weber and Ledingham, a circumstance which 
add greatly to the value of our own observations, making the descrip- 
tion of this case perhaps the most complete in the literature. Weber 
and Ledingham’s observations have been published in full’, the results 

_— therefore, only brief reference here. The sternum, ribs, — 

Proc. Roy. Boe. Med. p. 198. 1900. 
13—2 
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humerus; and femur were all found transformed into mere shells af very 
hard brittle compact, bone filled with a dark red opaque jelly-like sub- 
stance which replaced the normal red marrow. If it be permissible to 
speak of this substance as bone marrow at all (we quote Parkes- Weber 
and Ledingha m) the total amount of bone marrow in the body must 


have been immensely in excess of the normal amount. The bodies of 


the vertebrae at the site of the kyphotio bend consisted of hard bony 
shells containing only a-remnant of: the normal cancellous tissue which 
was replaced by a jelly-like growth, similar to that found in other bones. 
The lungs were pneumonic. The liver and pancreas, showed no obvious. 
disease. Microscopic examination of the kidneys’ showed. nothing 
abnormal beyond scattered. spots of a chronic interstitial: fibrotic change 
of very slight degree (this observation was confirmed by us). Weber: 
and Ledingham found that the cells with which the nisrrow. was 


abundantly infiltrated showed all the morphological characters of 


plasma-cells. Little evidencd, of active mitosis was seen; but the 
mitotic figures, when: present, were of an abnormal type. Degeneration: 
of the cells was more in evidenee than active proliferation. Outside the 
dense infiltrates all varieties of the ordinary marrow elements were 


present, together with plasma-cells which pervaded: the whole marrow. — 


The giant cells were not increased in number: eosinophil myelocytes were 


very numerous; and small erythroblastic foci were observed. 


Case B. Male (A. B. W.) aet. 60. In Sept, 1906 there was severe 


lumbago. Urine free from protein, In Dec, patient had severe attack 
of influenza: In March 1907 the Bence-Jonés protein was identified in 
the urine by Dr Gilbert Kempe of Salisbury, March 28: Hemo- 
globin 48 per cent.; red cells 3,866,000; protein 24 parts per mille by 
_ Esbach. Treatment with Atoxyl begun, 2-4 grains being injected.. 
During April increasing kyphosis was observed and there was much pain. 


in the ribs, May 3: Protein by Esbach 22 parts per mille, Atoxyl — 


discontinued. May 26: Protein 20 parts. Hemoglobin 48 per cent.. 
Count of red cells could not be made on account of rapidity with which 
blood coagulated. June 1: The anterior thoracic wall has fallen in so as 
to show a marked saucer-shaped cavity; much pain on movement of arms. 
or thorax. June 4: Protein by Esbach 16 per mille, » Increasing 
asthenia. June 8: Collapse of thoracic wall greatly increased; kyphosis 
more marked; patient computed to have lost six or seven inches in 
height; ribs: and sternum soft and bending on pressure. The general 
condition suggests an increasing toxemia, June. 10, 1909: Patient 
died comatose, In health, patient had been a heavy man, weighing at 
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least 15 stone; but there was much wasting during the illness, As the 
protein was absent when the urine was examined on one occasion nine 


months before death, ‘the condition would seem to have had a much 


shorter duration than in cases A’ and C; the disease being in all respecta 
more acute. Theré was no necropsy. . We are greatly. indebted to 
Dr Gilbert Kempe for sending us carefully collécted'24-hdur samples 
of the urine; and for account of case is 
from bis notes. 

Case C. Male (F. 10 net. 45. At the of examination 
of the urine; near the end of the year 1909, the patient: was at.the 

National. Hospital, Queén’s Square, London, under the care of Dr James 
Taylor. Up;to.1900:he had been exceptionally healthy and an athlete. 
In that year he met with a spinal accident which led to paraplegia. 
He was later able to walk, but showed a spinal curvature which after- 
wards continued to increase. When examined in 1909 there was no 
conclusive :evidence for the presence of myeloma. The existing pain 
was then, as always, largely confined to the: knee-joint; which towards 
the end of life showed increasing stiffness. There was, at no time 
throughout the history of the case, any bending or fracture of the long 
bones, ribs; or sternum: The evidence from ‘the spinal curvature was 
complicated by the fact that this began with the injury. Though there 
is no sufficient reason to doubt the existence of bone-marrow disease, it 
would seem to have been less extensive than in the other two cases. 
It is noteworthy that the occurrence of “albumen” in the urine was 
‘observed so far back as 1901, and à urinary protein was continuously 
present till Bence-Jones protein was identified in 1909. As the patient 
never showed any symptoms of nephritis, and as no trace of blood 
proteins was ever found after the Bence-Jones substance was once 
identified, it is extremely probable thatthe latter substance was present 
(and was the only protein present) from the earlier date. If sd, the 
condition existed for a period of nearly ten years. The patient's 
average weight during health was 10 st. 2 Ibs.; at the time of our analyses 
it was 7 st. 3 lbs. During 1910 he developed phthisis, and died on Dec. 4 
of that year. No nécropsy was made. 

We have th thank Dr C. M. Hinds Howell for bringing 1 
to our Knowledge, and of for 

The of the urine was same 
“all hr caused agreed with the deseriptions published in connection 
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with other typical instances of Bence-Jones proteinuria. In all. the 


specimens of urine which we examined the protein coagulated at 
temperatures under 55°C. The coagulation point varied from to 


55° in accordance with variations in the acidity and saline content of 
the urine. When, as occasionally happened, the urine was alkaline the 
addition of acetic acid was necessary to ensure complete coagulation, 
but such occasions were rare. On boiling, the coagulum almost always 
completely dissolved, leaving the urine perfectly clear. The rare excep- 
tions to this occurred in case C, and thé few specimens from this case 
which remained cloudy on boiling always cleared completely upon the 
addition of a soluble lime salt in small amount (cf. Section IT), 


. Saturation with sodium chloride or magnesium sulphate in the cold 
gave no precipitate; ammonium sulphate precipitated the protein, the 
precipitation limits being between 45 and 55 per cent. saturation, though 
varying somewhat in different samples of urine. Ferrocyanide of 


potassium and acetic acid induced a characteristically slow precipita- 
tion. Strong mineral acids gave precipitates which redissolved on 
boiling; usually completely. The urine, even when highly diluted, 


exhibited a white ring of precipitate when poured upon strong HCI 


(Bradshaw's test). All these reactions characterise the typical 


protein. As the result of a few attentpts only, on the lines of the 
method used by Grutterink and de Graaf, we have failed to obtain 


the protein in crystalline form. In no one of the cases did the urine at 
any time contain renal casts or blood proteins. In case A examinations 
for evidence of nephritis were made at intervals for a period of four years ; 
always with negative results. | 

For the purpose of study the protein was thrown out of the urine 


by alcohol or by ammonium sulphate; an aqueous solution of the 


Precipitate being aſterwards thoroughly dialysed (for details of the 


Smorton II. TAE SPECIAL RELATIONS BETWEEN BENCE-JONES _ 
PROTEIN SOLUTIONS AND 


Introductory. ‘The most familiar characteristic 


solubility upon rise of temperature after preliminary heat coagulation at 


lower temperatures—is displayed only when certain. other substances, 
and, especially—as we hope to show—electrolytes, are associated with it 
in solution The importance of associated substances: was first clearly 


‘indicated by the observations of Magnus Levy. For reasons to be 
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mentioned later, this observer gave, however, chief attention to the 
effects of urea, and studied but slightly the influence of electrolytes. 
He found, indeed, that of the few salts employed by bim in this con: 
nection—ammonium-chloride, sodium chloride, magnesium chloride; and 
mixtures of neutral and acid potassium phosphate—only the first (AmC1) 
increased the solubility of the protein at 100°C. This limitation to the 
action of salts was certainly not to be observed with our material, nor do 
we believe it to exist in connection with typical Bence-Jones protein. 
On the contrary we believe that the substance yields a very interesting 
case of relation between a ‘particular colloid solution and electrolytes in 
general. Further reference to. Magnus results can ‘be: more 
conveniently left to the sequel. 

No later workers have concerned themselves in detail with the. effect | 
of salts upon the heat changes. Moitessier“ remarks in connection 
with a oase studied by him, that, after the urine had been dialysed, the 
heat coagulum obtained was “less soluble at 100 degrees, but recovered 
its solubility after the addition of NaCl.“ 

Ville and Derrien* made a similar observation in 88 The 
original urine behaved typically. After dialysis it gave a thermostable 
coagulum, but solubility at 100° was restored by adding sodium chloride 
in amount: equal to that originally present. Grimbert* —* an 
observation of precisely similar nature. | 

We have considerably extended these 8 ee on 
the action of salts, and our experiments indicate a relation which appears 
to be interesting and suggestive. We have made no attempt, however, 
to study completely the equilibrium changes in the colloid-electrolyte- 
water system, which, in such a case as this; must, of necessity, bs 
especially complex. Lacking the completeness necessary for a full 

statement of relation our results are here dealt with mainly from a 
descriptive standpoint, in the hope that they may suggest a direotion 
for more complete studies when opportunities arise. At the same time 
we have arrived at a point of view concerning the action of ‘salts with 
which the facts, so far as our observations have brought them to light, 
are in harmony. This we shall present to serve as a preliminary state- 
ment of relation. In the of the of tolation 


Loe. cit. 
1 Moitessier. Soc. Biol. Vn. p. 408. 1905. 
2 Ville and Derrien.- Soc. Biol. XII. p. 679. 1907. 
Grimbert.. ‘Journ. Pharm: Chime. lo p. 975 — Sie, Bih 
p. 14. 
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every case with special characters must be included, and we believe that 
our results are sufficient to nee the v view that be e of *. 


protein present such a case. 


significant experiments upon the 
solution of the heat ooagulum at 100°; but, before describing these, it 
will be well to call'attention to certain properties 0 of Bence-Jones protein 


solutions, which, while of a less special character, play a part in coin 


ee the influence of salts upon the reversible heat changes. 
The protein, as obtained from either of our cases, exhibits itself, 
wha! pure and in aqueous solution, as a typical hydrophile colloid. 


Its solution is of the albumin type, yielding no precipitate on dialysis, — 


and exhibiting none of that sensitiveness to electrolytes in low concen- 


tration which is characteristic.of a suspension colloid, When a neutral, 


salt- free solution, or, to state the case with more certainty, when a 
solution, approximately free from associated, salts, and of minimal grade 
of acidity, is heated, it coagulates at a temperature of about 65° and the 
coagulum is thermostable, remaining undissolved at 100°. With some- 
what higher grades: of acidity in the solution, some slight tendéncy to 
reversibility in the temperature changes may be observed, even when 


salts have been removed as completely as is possible by dialysis—the 


coagulum diminishing slightly at 100° and returning to its original 
amount upon cooling. With yet greater concentrations of (acetic) acid, 


coagulation. fails, in salt free solutions, at all temperatures For the 


typical phenomenon of reversible heat change to be — ee 
concentrations of salts are necessary. 

As Kühne first observed, solutions of the protein, shee: aliens 
with sufficient amounts of acid or alkali yield precipitates upon neutra- 
lisation. This indication of metaprotein (albuminate) formation was 
emphasised by Magnus Levy as proving that the protein is not an 
albumose. After such treatment, or, if boiled in the presence of even 
very dilute acid or alkali, its salt · free solutions also come to show, as do 
salt-free albumen solutions. similarly treated, the stigmata, of a 
„suspension colloid solution. Precipitation is then induced by 
electrolytes i in very low concentration, and occurs in accordance, with 
the fundamental law of Hardy. In acid solution the negative ion is 
prepotent as a ‘precipitant, and in alkaline solution the kation. 


In this connection an observation involving u comparison th ox-serum be 
‘described. 
€N/800 NaHO) and acid (N/100 HCl) respectively. Ox- serum, fully dialysed, and diluted 
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When ‘salts were added to these solutions their orientation as precipitants was precisely 
the same in each case, and was in accordance with the familiar generalisation of Hardy; 
but there were quantitative differences, In the alkaline condition the Bence-Jones protein 
was less readily precipitated by positive ions than were the serum proteins, higher con- 
centration of the salt, or higher temperatures, being necessary. Anions did not precipitate. 
On the other hand, in the acid state the Bence-Jones protein was more readily precipitated 
than the blood proteins by all negative ions (at lower concentration of salt, or lower tem- 
peratures for any given concentration). After boiling with N/100 HCI, as described, the 
Bence-Jones protein (but not the serum) was also readily precipitated even by such salts 
as MgCl, ; CaCl,, Bal, though of course at higher concentrations, or higher temperatures, 
than by salts with polyvalent anions. In the presence of higher concentrations: of. acid 
salts of the type of chlorides no longer precipitated. These results might be interpreted 
by assuming that the colloid particle in a Bence-Jones protein solution takes a negative 


charge more readily, and‘ positive charge less readily, than the particles of the serum 
proteins. The property will be found to be of significance in what follows. It makes it 


* 


The effect of electrolytes upon the heat ia in solution: 3 
discussion, It is necessary, when our experimental results are under 
consideration, to bear in mind the general relations briefly set out in 
the foregoing paragraphs. In particular it should be remembered that 
the preliminary change which occurs when a solution of the native 
protein is heated—a change which, according to circumstances, may, or 
may not, be associated with actual coagulation—involves, in any case, 
such a change in its relation to ieee that it now approximates 
more nearly to one of the “ suspension type. When, it may be well to 
repeat, coagulation occurs in the absence of salts, as may happen in 
neutral solutions, or in solutions of very low grade acidity, no re-solution — 
takes place on boiting. The coagulum is thermostable when electrolytes 
are absent. In solutions definitely alkaline no preliminary coagulation 
occurs except when the protein content is high or when suitable electro- 
lytes' are present. When, under any circumstances, coagulation has 
occurred, the phenomenon of re-solution of the coagulum at 100° may, 
in all cases, be shown to have definite — to inate nature of f the malts 

The description of our observations concerning salt action will 5 
. if we. give in advance some indication of their bearing. Experi- 
ment shows at once that the precise influence of any given electrolyte 
as a solvent is markédly affected by the presence of quite minimal 
concéntrations of acid or alkali. In the acid condition the solubility. of 
in rise ove temperature, is by 
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 inereasing valency of the positive ion; that is of the ion carrying a 
charge similar to that on the colloid particle, and opposite to the charge 
of the ion which (at lower temperatures) promotes coagulation. Other 
things being equal increasing valency of the latter ion diminishes the 


apparent solvent efficiency of a salt. In the alkaline condition, on the 
other hand, the negative ion is apparently prepotent. The sol vent 


power of a salt at 100“ increases with the valency of this ion and 
appears to diminish with an increase in that of positive ion. At first sight 


therefore the solution of the coagulum appears to be a function of the 


ions. But in passing from one of these opposing conditions to the other 
the colloid-salt-water system exhibits at one point a “ neutral” phase, 
in which diverse salts tend to converge in respect of their solvent power, 
and in which ions of opposite charge appear to have equal potency, In 
this condition of the system the solvent power still increases with 
valency, but a salt, ¢.g. with monovalent basic ions and a divalent acidic 
ion exhibits the same potency as one with a divalent basic ion and mono- 


valent acid ions. Thus, considering—for the moment—only salts of 
these two types, we have, as regards their influence in * 3 


of the — the relations : 


acid: Cal, ete. > 10 
neutral: CaGl, etc. = K,SO, ete. 
alkaline : CaCl, eto. & K, S0, eto. 


In aisle of neutral reaction the colloid particles are 1 
d neutral or nearly so, and the phenomena of solution at 100° 
would appear to be always independent of charge. We may take 
therefore the standpoint that in acid or alkaline systems two distinct 
influences of any given salt may be opposed. Its solvent influence 


(however exerted) upon the molecules of protein may be opposed by 


the electric influence of one of its ions upon the colloid particles of the 


protein. In this case the salt will exhibit an (apparent) low solvent 
power. But when the electrical relations are such as not to oppose 


dispersion of the particles, the solvent power of such a salt is uncloaked, 


and appears to be relatively high. The true solvent pee | of the salt 
as a whole is, as already suggested, ‘independent: ectrical relations 


in the stricter sense; and is to be measured in Ahoomplicated relations 


only when the colloid particles are that i is. ~ 
of the solution is “ “neutral.” 


The colloid-salt equilibrium is so sensitive to ‘the very be con- 
as 


> 
2 
+3 
8 
* 
= 
7 
* 
= 
, 
4 
‘ 
‘ 
* 
8 
Sa 
a 
3 
* 
2 
zy 
. 
15 
; 
a 


“BENCB-JONES PROTEIN... 199 


above defined in relation. to salt action, is hot easily demonstrated by 


the use of coloured indicators. The term “neutral point” is justified 
however, since it is a point which cari always be approached from either 


direction during the process of neutralization. On either side of this 
point ionic charge intrudés as a prominent factor in influencing. the 


apparent solvent power of a salt at 100“, and the ionic effects suffer a 
reversal in sign as the point is passed. When the point is just reached 
the complicating influence of ionic charge disappears, and the solvent 
power of any given ‘salt is found to depend upon the qualities of the 
salt as a whole. Our results appear to show, indeed, that the coagulum 
dissolves because on rise of temperature the protein enters into mole- 
cular association with the salt. The special characters of the equilibrium 
in the case of the Bence-Jones protein (as compared, for instance, with 
globulins) aré due to the fact that the association compound is stable 
only, at higher temperatures. Further discussion may now await 
the description of our experiments. % 
 Haperimental.. The solutions used for the experiments to be 
deseribed were prepared by precipitating the protein from the urine 
either by saturation with ammonium sulphate, or, more usually, by the 
addition of alcohol ; the precipitate being redissolved in water and the 
solution submitted to prolonged dialysis. The use of alcohel gave a 


product which was more free from pigment than that obtained by the 


use of ammonium sulphate. Precipitation by alcohol is, in most colloid 
systems, dependent upon the presence of electrolytes. In the case of 
proteins the rate at which they are rendered insoluble by alcohol is also 
greatly affected by the presence of salts.. The character of the urine 
may therefore cause variations in the latter process, With material 


from cases A and B, for instance, it was comparatively: easy to get, 


without special precautions, re- solution of the protein after precipitation 
by spirit. With that from case C it was usually necessary to pre- 
cipitate, ice - cold, and to filter or centriſuge as quickly as possible. As 
all the evidence in this paper points to identity in the. proteins, we 


believe this difference to be due to variations in other constituents of 


the urine’. Repeated reprecipitation with spirit was in any case not 
1 may explain, certain contradictory statements in the literature if we note here the 
following observation. In our cases when the protein was separated from the urine by 
beat coagulation; at 60° it was still (as would be expected from the facts given in this 
section) soluble in salts at 1005. If the coagulum was first thoroughly washed with water 
it could be subsequently kept for months under alcohol without losing this solubility; 
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possible, as with diminishing concentration of ‘salts’ alochol ‘ceases’ to 


throw out the protein. As a rule, in our experiments, the first alcohol 
precipitate was centrifuged off, redissolved, thrown out for a second time 
with spirit, again centrifuged, and transferred, as a paste, to the dialysing 
tube. During the first few hours of dialysis the protein always went 
fully into solution. We usually dialysed for a week, the dialysis-tube 
being kept in motion by means of a water motor. The distilled water 
in the outer vessel was large in volume and was frequently changed. 


Chloroform was usually added to the outer liquid, but, as other ob- 


servers have noted, the protein is remarkably resistant to bacterial 
decomposition. After such dialysis the water outside the tube would 
finally be found wholly salt-free, though the protein itself was never 
obtained completely free from ash by this method; about 1 per cent. 
ash being present in the dialysed product. The solution in the dialyser 


was usually very faintly alkaline to litmus, even when the protein had 


been precipitated from acid or amphoteric urine, and the dialysis 
indefinitely prolonged. On the other hand jf acetic acid was previously 
added in excess, prolonged dialysis: always _— to remove an acid 
reaction from the solution. = 

In comparing the solvent powers of different alte at 100° we: ee 
the simple plan of heating protein-salt- water mixtures in test tubes: 
observing that concentration of salt which was just sufficient to dissolve 
completely, after brief but brisk boiling, the coagulum which had first 
formed at some lower temperature. Equal quantities of a dialysed 


protein solution were measured into each of a series of tubes, and 


standard salt solutions in varying amounts added from small finely 


graduated burettes: water being added, also from a burette, in such 


quantity as to make the total volume of fluid in each tube the same. 
The tubes were first heated slowly until coagulation was apparently 


complete, and then as quickly: as possible to boiling. With fresh 


preparations of the protein quite satisfactory end-points could be 
obtained; the transition from a mixture which remained opalescent on 
1 to one which became ‘crystal-clear, being quite sharp. ‘Each 


dialysed for eight days. The solution as taken from the dialysis’tube was very faintly 
alkaline to litmus, and faintly acid to phenolphthalein ; it contained 1 per cent. protein, 
and was used, without treatment, for the observations described under 1 (e) (alkaline 


phase). The addition of 2˙2 b. 0. of 1 p.c. acetic acid to 400 0.0. ‘produced the neutral 


solution, used for 1 (b); and the further addition of one drop of glacial acid to 200 0.0. of 
the neutral fluid yielded the solution used for I (a). The slight eee 
, Hon of protein brought ˙ 
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Exp. 1 (8). Acid condition. 


~ 


2 8&0 ‘Faint opecity. 
1°85 3°65 Veryslight opacity. 
BaCl, 10 40 oCoagulum 
5 1˙2 | gl. op. 
5 15 8h V. al. op. 
8 16 ‘Crystal clear. 
SrCl, 1-0 4:0 Coagulam 0p 
1°5 3˙5 wes Sl. op. 
1-65 8°35 Crystal clear. 
56 10 40 Ooagulum Op. 
8°5 Sl. op. 
5 16 3˙4 V. al. op. 
1°65 8°35 Crystal clear. 
5 1-0 40  Heavycoagulum Precipitate. 
Na, 80. 5 2˙0 ” 
| 30 20 Op. 
5-0 0-0 Some ooagulum l. op. 
6˙0 0°0 ee Clear?. 
MgSO, 5 1-0 40 Heavyeoagulum Sl. precip. 
6 2:0 80 
8 4˙0 10 
5 4°5 06 Coagulum Nearly clear. 
ee 48 0˙2 „ Clear, 
NaOit 6 1-0 40  Heavycoagulum Heavy precipitate. 
5-0 0-0 
3 70 0-0 ” ” 
2 &0 0-0 ” 


_ 1 In all cases, in this and other experiments (unless otherwise specified), the process 
vas reversible; the coagulum after solution at 100° reappeared when the solution was 
2 In certain cases the mixture at 100° was so completely homogeneous as to show no 
trace of the Tyndall effect when held in a beam ; in others, though at the final stage the 
solution was clear when viewed directly, some dispersion was visible in a beam, increase 
in the salt not affecting this, 
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observation was made by means of a separate admixture. - If the con- 
centration of a salt is gradually ‘increased in the same tube and the 


mixture boiled after each addition, good end-points are not obtained. 
The inertia of the solid phase tends to increase with successive heatings. 
To work with protein previously coagulated and washed, whether 
employed dry or in suspension, was also found e when 
compared with the procedure described. 

When the above simple method is used for comparing one type of 


it with — the influence of the reaction of the fluid upon their 


Salt solution 
Nature solution 3 
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<4 
a 
* 
a At 60° 4 At 100° 
4 NaCl 5 20 | 80 um 
4 KCl 
3  fidentical 
ear; > 
3 
— 
BaCl, 
— 
(identical) 
x 2 
2. “ 
3 
3 3 
* 
N 
ay” 
15 Orystal clear. 
* 
3 Coagulum Opacity. 
Sl. op. 
4 
4 Crystal clear. 
2 7 — * 
Na,Cit Coagulum Sl. 
i 50 
4 (freshly al | 
97 Op. | 
4 prepared 5 : | 
SI. coag. Crystal clear. | 
| 
* 
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‘salt added e. At 60" At 100 
Nadi, KCl 65 — 
BaCl, 5 10 40 Heavy coagulum Marked opacity: 
8 8-0 20 
MgC, 5 40 Heavy coagulum Opacity. 
2s Ooagulum Slight op. 
* 
‘Na,80, 5 50 No coagulum — 
MgSO, 3 10 40 Coagulum Bl. opacity. 
148 $65 Slight coagulum 
Na. d 5 410 


solverit properties must be studied at very low grades of acidity « or 
alkalinity for reasons which will be clear in the sequel. 

The “neutral” condition of solution, in which, for reasons already 
indicated, it is especially important to study the influence of electrolytes, 
could not (as already pointed out) be with certainty defined in advance 
by the use of indicators. After some preliminary knowledge of the 
relations had been gained our practice was to obtain the neutral point 
by comparing, at intervals during the process of careful neutralisation, 
the solvent powers of two such salts as CaCl, and K,SO,. When these 
become sensibly equal the “neutral” point is arrived at, and the 
influence of other salts can be studied. In this state the solution was 
always approximately neutral to sensitive litmus paper, but not always 
exactly 20; the relative concentration of protein in solution being a 
factor of importance in determining the exactness of this relation. In 


* 
‘ 
— 
i 
> 
7 
7 
aq 
4 
ag 
ag 
*. 
ig 
is 
TAY 


904 „ G..HOPKINS AND H. SAVORY. 


our experiments the “alkaline” solution was frequently the final con- 
tents of the dialyser, without added alkali. Only rarely did such a 
solution exhibit—in relation to salts—the properties of the neutral or 
acid condition. A portion of such alkaline preparations was reserved for 
experiment and to the rest very dilute acetic acid (N/100, or less) was 
gradually added in order to obtain solutions in the neutral or acid 
conditions respectively. Sometimes, on the other hand, the contents of 
the dialyser, after removal of salts, were made definitely acid with acetic 
acid, dialysis being then continued till acid ceased to pass the membrane. 
The final contents of the dialyser then served for observations relating 
to the acid condition, while neutral and alkaline preparations were made 
by addition to it of exceedingly dilute ammonium hydrate. : 


It will be easily understood that the relations in alkaline solution 


are the more difficult to demonstrate by the method used. The high 
solvent power of hydroxyl ions adds a complication. If the original 
solution does not coagulate when heated alone coagulation may also 
fail in the absence of a potent coagulating ion (polyvalent-kation) and 
the phenomenon of re-solution cannot of course be observed. But if 
the protein solution be a-concentrated one and its grade of alkalinity 


Exr. I (och. Protein from Case A precipitated and dialysed as above. The solution 
from the dialyser was just faintly alkaline to delicate litmus paper, and was used without 


treatment. It contained 42 p.c. protein and coagulated, when 
heated alone. The coagulum did not dissolve at 100°. ge 


Protein Salt solution 


Nature of solution 
salt added At 60° 41 1007 
1-0 40  Coagulum Precipitate. 
| 
1-4 Orystal clear. 
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_ _ exceedingly low the solvent power even of. salts which lack a polyvalent 
positive ion may be at least orientated as in Exp. I (cc). The solution 
being so near the neutral point the differentiation between such salts 
as CaCl, and K,SO, is but slight; but the relation found in the acid 


“BENCE-JONES PROTEIN. 


condition is nevertheless seen to be reversed. 


The above experiments were carried out with solutions prepared 
from the protein of Case A. The following will show that similar 


relations held when the proteins of Cases B and C were employed. 


Exe. II. Protein of Case B thrown out with alcohol, and its aqueous solution dialysed. 
Acetic acid was added in small amount and dialysis continued. Finally one third was 
reserved for observation, (II (a)), one third was neutralised with ammonia, (II (b)), and 
the remainder further alkalised until approximately -001 normal (II (e)). The acid and 
neutral portions were so diluted as to contain the same concentration of protein as the 
alkaline preparation (1°6°/,). Each salt was carefully tested in increasing concentration 
as in Exp. I, but only the beginning and end of each set of 


tables. 
Exp. II (a). Acid condition. The solution 
and the coagulum was thermostable. 
Nature of solution 1 Water 
added 6. 0.0. 
— 5 0-0 
NaCl 5 1˙0 40 
6˙0 0-0 
Cal, 5 “40 4:0 
3 1°35 8°65 
5 1°40 8-60 
Bac 
1°45 8°55 
5 1°50 8°50 
MgCl, 5 1-0 40 
1-5 8°5 
5 1-55 8-45 
_K,80, 5 10 4-0 
Na, 80. 5 45 0-5 
5 5:0 0-0 
5 3°8 1:2 
5 4⁰ 1-0 
Na,Cit - 6 5-0 0-0 
8˙0 0-0 


PH. XLII. 


observations appears in the 


coagulated completely when heated alone 


At 1% : 
Unaltered. 


| 
* 
i 
. 
« 3 * 
| 
* 
i 
* 
Heavy coagulum 
P — 
Heavy coagulum recipitate. 3 
Clear 
Coagulum Opacity * 
8 V. sl. op. 2 
Crystal clear 
Coagulum Opacity. 1 
” V. al. op, 2 
Crystal clear q 
Opaci 
Coagulum pacity. 
97 l. Op. 
2 
Heavy coagulum Precipitate. 7 
sl q 
. Op. 
Clear 
30 
‘ 
Coagulum Opacity. 
op. 
Clear 
” 
i 
Heavy coagulum Precipitate. 3 
Do. (not clear 
ti 
ons). 
14 4 
4 
4 
* 
2 
Be 
4 
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‘Expr, II (b). Neutral condition, The protein solution without wile gave 
oon guum. 
0˙0 500 Complete coagulation Unaltered. 
20 90 Coagulum Opacity. 
40 10 Nearly clear. 
0-9 Clear. 
1:00 4˙0 Coagulum Opacity. 
1°85 8°65 ” V. sl. op. 
1°40 3˙6 ” Crystal clear. 
| 4-0 Coagulum Marked opacity. 
8°5 15 * sl. op. 
1:3 ” Crystal clear. 
10 40 Coagulum Opacity. 
1:36: 8°65 V. al. op. 
1-40 3°6 ” Crystal clear. 
10 4-0 Coagulum Opacity. 
1-65 835 10 Sl. op. 
1°70 830 Crystal clear. 
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Mx. II (). Alkaline condition. The solution heated without ealts gave a well marked 
coagulum which did not wholly dissolve at 100°. 
Protein Salt 
Nature of solution [2 Water | 
saltadded 80. c. o. At 0 + At 100° 
10 4-0 Coagulum Opacity. 
2-0 3-0 Sl. op. 
2-2 2 ˙8 FP. l. op. (not 
on 
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or 
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KNO, 
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| 
| 
AS 
. 
ARG 
“ 
| of salt). 
7 
x AmCl 5 i 
1-0 4°0 Coagulum Marked opacity. 
* 5 
3 5 8-0 2-0 81. 
4 5 40 1-0 V. sl. op. (not 
9 
on 
CaC 0 4˙0 H al 
aCl, 5 1 eavy um V. al. : 
5 
a 5 2°0 8°0 Clear. 
‘ 
: 5 5 4˙5 U 8¹ 
F K,80, 0 um Op. 
+ 
4 5 0˙7 4˙8 Nearly cl 
ear. 
5 
5 
” 97 
5 2˙0 8-0 clear 
5 
5 
1 
2 
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Exe. III. 
“dialysed. The solution was nearly neutral“ in the sense defined, though slightly acid to 
phenolphthalein. The addition of a minute trace of acetic acid produced the solution 
used in III (c). 


Exp. III (a). Acid condition. Thermontahe in the absence of sls 


‘Nature Protein solu- Salt solution Water, 
of salt tion, o. a. M/2, c. At 0 u 10° 
5 Heavy coagulum OUnaltered. 
Nel 5 10 40 Heavy coagulum Coagulum. 
not clearing on 
. further addition. 
CaCl, 5 1-0 4˙0 Coagulum Marked . 
5 1.86 8-64 l. opacity 
7 - 139 8°61 Orystal clear 
Bal, 5 1˙0 4˙0 Coagulum Opaci 
5 1-39 3°61 Nearly olear. 
5 1-41 8°59 ” * 
K, S0. 5 1˙0 40 Heavy coagulum Coagulum. 
5 45 0-5 ty. 
5 49 01 9 
880 5 1·0 40 Heavy coagulum um. 
5 11 | ” Sl. opacity. 
Cerium 5 1-0 40 se, ooagulum Nearly clear. 
chloride 5 1˙2 „ Sl. coag. V. al. opalescence. 
M/100 5 1°22 3-78 Crystal clear. 


Neutral condition. Thermostable in the of 


Nature Protein solu- Salt solution oe 
‘of salt tion, c. o. M/2, cc. At 60 At 100° 
5 0˙0 Heavy coagulum Unaltered. 
‘NaCl 5 10 4°0 Heavy coagulum Heavy coagulum. 
KCl 5 2˙0 3°0 Coagulum Sl. coagulum. 
5 8°5 1°5 1 Sl. opacity. 
5 8˙7 1:8 
CaCl, 5 1˙0 4˙0 Coagulum 
5 1°35 3°65 ° pacity. 
— 5 1°39 8°61 , 10 Crystal clear. 
| 5 10 40 Coagulum Opacity. 
12580. 5 1°39 8°61 8 V. al. opacity. 
5 1-40 8-60 
Mg80, 12 40 Coagulum Opacity. 
5 8-4 v. sl. opacity. 
5 1˙62 8°38 
0 t ooagulum 
Cerium 5 Bligh | 
chloride 5 1°15 3°85 „ Sl. coag. V. sl. opacity. 
1˙2 3-8 Crystal clear. 
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Salts with ions of high valency. In this as in kindred investigations 


it was difficult to extend the enquiry to the influence of salts containing 
ions of more than diad valency, because of the tendency to hydrolytic 
dissociation displayed by such salts. This is especially the case when the 
acid constituent has high valency. Salts of the higher members of the 


aluminium, or earthy, group of metals yield, as is well known, aqueous 


solutions which are neutral, and therefore suitable for our purpose. 


Observations made with some of these, though carried out on the same 


lines as before, are described separately here, because the effects of the 
high potency of the kation make it necessary to tabulate the results 
somewhat differently. 


The triad ion exerts of course a very potent precipitating influence 


upon a (negatively) charged particle, but salts of these triad metals 


have also, in the case of Bence-Jones protein, an exceedingly high 


solvent power which increases rapidly with temperature. In the acid or 
neutral condition re-solution of the primary heat coagulum may occur 
at temperatures considerably below 100°, and even a comparatively 


low concentration of the salt may prevent coagulation altogether. In 


alkaline conditions of solution these salts in low concentration greatly 
promote and accelerate coagulation, or lower the coagulative tempera- 


ture; but while still in comparatively low concentration, they dissolve — 


the coagulum freely when the temperature rises. If the concentration 


of salt be sufficient, the solvent property cloaks the coagulant effect 
altogether, and there may be no coagulation at any temperature, even 


of the negatively charged protein. The solvent power increases more 
rapidly than the coagulative power with increase either of temperature 


or of salt-concentration. To define completely such relations extensive 


quantitative work would be necessary; but our simpler experiments 
establish what has been claimed. We append one set of observations 
only, in which salts of lanthanum and cerium were used. It should be 
noted that they were added in M/100 solution, instead of M/2 as 
employed for salts of lower valency. In acid or neutral solution a salt 
of a triad metal as will be seen from the tables dissolves the protein at 
100° with a concentration less than one-fiftieth of that required in the 
case of a salt with a diad metal. It happens, in the example given, 
that solution occurs in the alkaline medium at a concentration very 
similar to that found for the acid or neutral state. It should be 
remembered that the cases are different, since, when alkaline, the 
en without the salt did not coagulate at all on heating. With 
Nery low concentrations of the salt the expected powerful ulant 
effect is observed, but with increasing the 
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so rapidly replaces the coagulative that a change in the reaction of the 
medium (which influences in particular the ionic coagulant action) 
produces less differentiation than when salts containing constituents of 
lower valency are concerned. With rise of valency i in the constituent 
base the solvent action of salts would appear to increase more rapidly 
than the precipitating power. 

Exp. IV. from Cae © thrown out with and very throaghy dialed 
Concentration 1°5 °/,. 

A) Made faintly acid to delicate litm the solution sable 


15 9. heating On heating At 100° On cooling 
Lanthanum 5 5 45 Noppt. Heavycoag. Coagulum Heavy coag, 
nitrate, 8 4°25 Coagulum Fi. al. coag. Ppt. 
Cerium 5 10 40 60 Sl. coagulum Nearly elear Sl. ppt. 
chloride C V. al, coag. 9 Sl. ppt, after 
(identical) | long standing 
5 20 30 No coag. at No ppt. 
any temp. 
(B) Just alkaline to delicate litmus. Solution did not coagulate without salts. 
Ib. 5 06 45  Ppt.* Ppt. inereased Coagulum Heavy coag. 
to a heavy 
> 5 1:0 4°0 Rather ” 99 
more ppt. 
5 11 389 Lessppt. Increase less, Sl. coag. Ppt. 
and 
tion a 
60°-70° 
5 12 88 Still less Inerease Nearly clear l. ppt. 
ppft. licht 
Increase Wholly V. al. ppt. 
doubtful clear 
5 15 8 5 57 99 3 
5 20 380 V. l. Disappears 


ppt. below 60° 


* Made as nearly neutral as possible. The solution coagulated completely without 


05 45 No ppt. Heavy coag. Coagulum Coagulum 


Ib. 5 
O% 43% Slight coag. Not clear Ppt. 
5 1°0 4°0 Nearly clear * 
5 1˙1 39 9 ” Slight ” 
Sl. ppt. after 
‘ 8°75 V. al. 
5 25 3˙7 coag 
8 20 80 <i No coag. at oa No ppt. 
any temp. 
That metallic ions of valency preci FF 
unheated protein (we Soltis othe them to same with native egg- and serum- 


phile an a solution. 


‘= 
a 
= ‘ 
Rit BUI. 
a 
& 
a 
2 
| 
4 
2 
9 
| 
> 
9 
| 
} 
| aa 
11 
* 


210 . -HOPKINS AND H. SAVORY. 


. In this as in other cases of relation between electrolytes and colloids the special effect 
of acids and alkalies is such that a complete study of the equilibrium ‘changes calls for 
extensive experimentation, Not only does the solvent power of acid or alkali, in the 
absence of salts, require determination, but variations in the concentration of acid and 
alkali need to be plotted against salt-concentrations as regards their simultaneous effects 
upon both coagulation and solution. In connection with the present subject the shift of 
equilibrium under various conditions during rise of temperature, from below the coagula- 
tion point up to the point of solution, calls particularly for study. Such observations we 
have had no opportunity of making. pais 

It may be claimed for our experiments, however, that they are sufficient to indicate 
clearly the more essential relations upon which the quite peculiar physico-chemical 
properties of the Bence-Jones protein depend. They are concerned only with solubilities 


at the neutral point, and in media of very low grades of acidity or alkalinity; a limitation 


which is quite necessary, with the method used, if diverse types of salt are to be properly 
orientated as regards their solvent power. An exact estimation of the relative solvent 
capacity of divergent types of salt at 100° is possible only when the original protein 
solution coagulates completely, or almost completely, in the absence of salt; or, otherwise, 
when the coagulative intensity of the salts under comparison is of the same order, When 
the concentration of acid or alkali is sufficient to interfere with the primary heat coagula- 
tion, or to cause appreciable solution of the coagulum in salt-free solutions, the relations, 


upon adding salts, become, of necessity, complex. If (say) enough of either acid or alkali — 
is present to prevent coagulation in a salt-free solution—and very little free alkali is 


sufficient for this—then, owing to the ionic-charge relations, the addition of one type of 
salt will produce at some temperatare complete, or almost complete coagulation ; whereas 
another type will produce little coagulum, or none at all. Obviously therefore the changes 
of equilibrium at 100° cannot be directly compared, It is of course quite easy, within a 
range which is considerable, to show the effect of increasing acidity in depressing the 


solvent power of any salt which is coagulative for the acid condition (i.e. those with — 


polyvalent anions), and, mutatis mutandis, to show the effect of the increasing charge on 
the particle when alkali is increased. The typical behaviour, too, of the protein—the 
solubility of its coagulum at 100° and its reappearance on cooling—can be shown with 
higher grades of acidity, and even of alkalinity, provided only that suitable electrolytes 
are present, But divergent types of salt (e. 9. B’A,—B,A”) can only be quantitatively 
compared in one and the same medium when the reaction of this is near the neutral point. 

In the experiments we have described the departure from neutrality was, on either 
side, so small that the above considerations intrude but little. Yet the low grade of 
acidity or alkalinity present was enough to impose a positive or negative charge, respect- 
ively, upon the colloid particles, and to bring to light the important éffect of this upon 


the capacity of different salts to dissolve the coagulum at 100°. In the acid solutions the 


results are fairly quantitative, and, in the alkaline, good orientation is obtained. 
In neutral systems our observations yielded results showing remarkable consistency in 


a quantitative sense; not only in duplicate observations with the same protein, but also 


when the protein of one case was compared with that of another. 


The experimental results just presented (and many others were 
obtained of precisely similar significance) will, we think, support the 
standpoint which was suggested in an earlier part of this section as a 
convenient one from which to view the facts. 4 
When the protein-salt-water system departs from neutrality, what 
is observed on heating a primary heat coagulum to 100° is the resultant 
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of two independent actions of the salt, which may be opposed : an ionic 


(electrical) effect exerted upon the colloid particles of the protein, and 


a solvent influence of the salt in (what may be presumed to be) 


molecular relations with the protein. Simpler relations obtain in 
neutral solutions alone. We have, as regards solvent power, the 


series: 


Acid CaCl, = BaCl, etc. > MgSO, > K,SO, etc. > KCl = NaCl etc. 

Neutral CeCl, > CaCl, = BaCl, etc. = K,SO, etc. = (nearly) MgSO, > 
KNO, ete. > NaCl etc. 

Alkaline K. S0, etc. > MgSO, > CaCl, etc. > NaCl etc, 


When the system is acid the real solvent power of a salt may be 
masked, or its quantitative value apparently lowered, by the coagulating 


effect of its anion, which, as is well known, rises with valency. In 
_ alkaline solutions the kation of a salt may be responsible for a corre- 


sponding effect. When the solution is neutral, and the colloid particle 
therefore uncharged (Hardy), the solvent action is exhibited as an 
uncomplicated phenomenon, and a convergence in the solvent power 
of certain salts is observed. Here, too, valency relations obtain, but the 
significance of ionic sign disappears. Salts eg. of the type B”A, 


become equal in solvent power to those of the type B, A“. In general, 


the solvent power in neutral solution increases with the valency of 


either constituent radicle of the salt. It is a property of the salt as a 


whole. 
Comparison with globulins. If we attempt to find analogies for 
the action of salts upon Bence-Jones protein it is natural to recall their 


influence upon the solubility of globulins, notwithstanding the obviously 
different temperature relationships in the case. Reference to published 
observations upon the globulins, especially those of Hardy’, but also 


those of Osborne and Harris? will indicate that marked resemblances 
do, as a matter of fact, exist. In globulin systems the solvent power 


of salts is exerted, of course, upon native proteins, while in the case 


of the urinary protein they influence the solubility of a heat-altered 
product—the primary heat-coagulum. The latter however is charac- 
terised, no less than the globulin, by insolubility in neutral water, and 
by displaying the properties of a suspension colloid when dissolved 
in dilute acid or alkali. These characters they both share with ordinary 
metaproteins (albuminates) derived eg. from albumins. But 5 heat- 


1 Hardy. Journ. Physiol. xxxm. 1905. | 
2 Osborne and Harris. Amer. Journ. Physiol. XIV. p. 151. 1905. 
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altered Bence-Jones protein also agrees with a globulin, while both 
differ from metaproteins, in being soluble in neutral salts. Between 
the two former the one essential difference is that the temperature 
range within which their association compounds (infra) with electro- 
‘lytes exhibit stability, lies much higher in the case of the excreted 

tein. | 
17 Hardy found that in dissolving neutral globulin at room temperature 
salts exhibit increase of solvent power with increase in the valency 
of either their acid or basic constituent. His numerical data indicate 
indeed that the relative solvent powers of various types of salt are 
almost precisely those found by us for the solution of Bence-Jones 
protein in neutral condition at 100°. The results obtained by 
Osborne and Harris respecting the solubility of the vegetable 
globulin, edestin, give similar indications. Hardy and also Osborne 
came to the conclusion that the solution of globulins by electrolytes 


is due to the formation of molecular association compounds, the 


phenomenon being in Hardy’s view analogous with the formation of 
double salts. The amphoteric character of the protein molecule lends 


probability to such a view, and we believe that the hypothesis explains 


better than any other the process of solution of Bence-Jones protein at 
100°. If we accept, for globulins, Hardy’s conception of an analogy 
with double-salt formation, we may be tempted to remember in con- 
nection with the special behaviour of the urinary protein that certain 
known ‘types of double salts are stable only above a definite transition 


temperature, and dissociate into the constituent salts at temperatures 


below it. But, doubtless, this analogy must not be pushed too far. 


The phenomenon of association on endothermic lines is, in the case 


of these salts, observed more particularly in the solid state, or usually 


in the presence of only such quantities of water as may arise from the 


water of crystallisation which separates on their formation. A dilute 
solution of such double salts has, in general, the properties of a mixed 


1 The effect of valency has so potent an influence in determining the solvent power of 
a salt for the urinary protein that it certainly overshadows other factors if these exert an 
influence. Since the above was written Schryver (Proc. Roy. Soc. xxx. (B) p. 96 (1910)) 
hg has suggested that the surface tension of a saline solution plays a part in determining its dis- 
aggregating power for globulins. The method used by us is hardly delicate enough to 


determine minor differences between salts of the same order; but the sodium serices— 


chloride, bromide and nitrate, iodide—seem to show an increasing solvent | neutr: 

power (in neutral 
solution) in the order given. This was found for globulins by Schryver, and, as he 
indicates, it is in the order of decreasing surface tension. Bas 
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solution of the constituent salts. Nevertheless it must be remembered 
that, under conditions, their association can persist in solution, and, 
moreover, that, in the case of the protein, the association with salt is 
also highly unstable unless a large excess of the latter be present 
(infra). If a neutral solution in salt at 100° be diluted with boiling 
water the Bence-Jones protein separates, just as does a globulin when 
solution in salt is diluted at ordinary temperatures. 

- Analogies apart, the facts seem abundantly to justify the statement 
that, when the primary heat coagulum of the Bence-Jones protein 
dissolves on heating to temperatures near 100°, it is because some type 
of association compound is then formed with any salt present in the 
solution. This compound dissociates at lower temperatures, and so, on 
cooling the solution, a precipitate of the insoluble protein reappears. 
Only when the reaction of the fluid departs from neutrality do the 
quite independent effects of ionic charge upon the colloid particles 
complicate these otherwise simple relations. In the case of globulins, 


_ when associated with acid or alkali the solvent properties of salts 


are probably no less balanced against their ionic precipitating power 
as the published observations suggest’. But there is a difference in 


the case of the Bence-Jones protein, in that the temperature relation- 


ships are such as to isolate more completely these two actions of a 
salt, and to bring them into clear relief as distinct factors in equi- 
librium changes. We have here a case in which rise of temperature 


rapidly increases the tendency to molecular association. Now the 


coagulative effect of an ion upon a particle increases more slowly with 
temperature—presumably at the rate of increase in ionic velocities. 


Hence above a certain temperature the Bence-Jones protein may be 


dissolved even by salts which contain what is, for the given conditions, 


a potent precipitating ion. The conception that one action of a salt : 


is upon the substance qua colloid (ie. upon particles), while another 
is molecular, is, we believe, justified, and may be of importance to 
the understanding of equilibrium changes in other salt-colloid-water 
systems. 

As a result of his own experimental work J. Mellanby® has come to a conclusion 
concerning the solution of globulin by salts which differs somewhat from the above. In his 
view the dissolved globulin is in equilibriam with the ions of the salt, each ion exerting a 
solvent influence increasing with its valency (charge), though independent of the sign of 
ite charge. This view is, in the main, based upon the following results: (I) A very exact 
relationship between the solvent effects of a salt and the sum of the valencies of its con- 


Hardy. loc. cit. pp. 817-319. 
2 J. Mellanby. Journ. Physiol. XxX. p. 338 (1905). 
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stituent ions. Mellanby found that a divalent ion has four times the efficiency of a mono- 
valent ion, and, in general, that the solvent power is proportional to the square of the valency 
value. This exactness of relation we did not find in the case of the Bence-Jones protein. 
When a solution had been very carefully neutralised, the solvent power of, say, NaCl was 
almost exactly one-third that of K, 80, or CaCl, , in accordance with Mellanby's rule; but 
that of MgSO,, for instance, was very nearly equal to that of CaCl, or K, S0. Our experi- 


ment, as we have said, orientated salts almost exactly as did those of Hardy for globulins’. 


(2) Mellanby found that the solubility of the globulin in salts increased only slowly with 
rise of temperature, being proportionate to the increase in ionic velocity. In this connec- 
tion it is clear that the relations are quite different when the Benoe-Jones protein is 
concerned ; the temperature phenomena, in fact, seem altogether to prevent the application 
of Mellanby’s hypothesis in explanation of the solution of this substance. We may 
consider once again the action of (say), a sulphate in an acid solution of the protein. The 
salt, in virtue of its anion, exerts a coagulative action, lowering the primary coagulation 
point of the system, or, within a certain temperature range, increasing the velocity of 
separation at any given temperature. Above a certain temperature however the same salt 


promotes solution of the coagulum. It is difficult to conceive of such a reversal in the 


influence of ions; the establishment of some new relationship with the salt at higher 
temperatures seems more probable. (3) When in Mellanby’s experiments a given 
quantity of a solvent salt was added to excess of globulin in suspension, the amount of 
globulin dissolved increased with the concentration of its original suspension. This led 


Mellanby to postulate a sphere of action” for the solvent ions. Similar relations were 
observed by Hardy, though he explained them differently“. The facts also hold in the 


solution of Bence-Jones protein at 100°.. 

It will be seen that in all our experiments hitherto described, the concentration in 
neutral solutions of, say, K,80,, or CaCl,, necessary just to re- dissolve the coagulum was 
about the same (circa 0°07 M), although the concentration of the protein solutions 
employed varied somewhat widely. The same thing is seen in the following direct com- 
parison, carried out on lines similar to those of all the previous experiments. The protein 
was from Case A in 12% neutral solution. 5 


CaCl, Nadi M. Water 
2 1-40 210 Water was added in each case to make 
4 1°45 - 9°20 ‘ the total volume 10 c.c. 
6 1°50 2°40 N.B. The NaCl was employed in molar 
8 1°65 — _ golution, the CaCl, in half molar. 


a It is seen that the amount of salt necessary for complete solution increases very slowly 


with increase in the concentration of the protein, This statement represents the facts of 


Mellanby’s observations on globulin viewed from another aspect. Such relations do not 
seem difficult to explain on the assumption that a molecular compound is formed. In any 
molecular association between a protein and a salt the relative amount of the latter must 
be very small. What we measure in determining the solvent power of a salt is not a 
stoichiometric relation alone, but the total concentration of salt required to overcome the 
dissociative tendencies of the molecular compound formed. This latter calls for so large 


an amount of salt in proportion to that actually combined, that the amount of protein 


conéerned, within a wide range, hardly affects the effective salt concentration as 


1 Osborne and Harris also found, for Edestin, Mg8Q,=CaCl,=Na,S0,. 
? Hardy. loc, cit. p. 810 (1905). 
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156 M is required (10°56 % . When the protein dissolves in the original 


: solutions of such a base as aniline.. In all these cases there can be 


_ tion, the protein separates anew. 
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Effect of Weak Bases. Maguus Levy called special attention to 
the influence of urea in inducing the solubility of the protein at 100°. 
We have confirmed his observations with our material, but we find that 
the concentration of urea required is very high compared with effective 
concentrations of electrolytes. In the following experiment a 24°/, 
solution of urea was employed (M* 4). The protein (from Case C) was 
in 2% neutral solution, which, when heated alone, gave a ee 


ec. At At 100° 


1 4 ooagulum precipitate 
5 2 marked opacity 
5 3 2 
8 slight opacity 
„ „ slight 
5 44 06 3 3 Crystal clear. The coagulum 
| reappeared on oo0ling 
4 60 0 no coagulum Crystal clear. No precipitate 
2 on cooling 


Thus, while calcium chloride or potassium sulphate dissolved at a 
concentration of about 007 M, in the case of urea a concentration of 


urine a complex equilibrium must of course be established ; but it seems 
clear from our experiments that the urinary salts play a more amsportant 
part in the solvent action than does urea. 

Globulins at ordinary temperatures also dissolve in urea-solutions of 
sufficient concentration, and the fact that Bence-Jones protein oO 
dissolves at 100° supplies yet another resemblance between the 
behaviour of the latter at high temperatures and = of the former 
at room temperatures. 

The Bence-Jones coagulum will furthermore dissolve at 100° in 


little doubt that we have to deal with associative molecular compounds 
which in the case of the Bence-Jones protein are (except those with 
salts of highest valency) stable only at temperatures near the boiling 
point. On cooling the solutions, unless the concentration of the salt or 
of the base is considerably in excess of the minimum required for solu- 


Salling out. The special effect upon colloids of electrolytes ven in 
high concentration which is denoted by the term salting out is also 
exerted upon Bence-Jones protein when in solution at 100°. Such 
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behaviour might be well expected, but it is of interest to note it as 
completing the analogy with globulin solutions. | 

The salting out of the original native protein has been studied a 
others and has been referred to in the introductory section. The heat- 


altered product when dissolved in electrolytes at 100° can also be salted 


out at that temperature, though the quantitative relations to precipita- 
ting salts are somewhat different. We have not studied the matter fully, 
but the following statements can be made. If, using the technique of 
our previous experiments, magnesium sulphate be added to a neutral 
solution of the protein, the concentration of the salt may be increased 
till considerably in excess of the minimum required for solution, with- 
out any obvious reversal in its effects. But when it is present to 
approximately one-half saturation, it is seen that the heat coagulum 
induced at 50° no longer completely dissolves at 100°. When about 
_ two-thirds saturation is reached the coagulum does not dissolve at all. 


With ammonium sulphate this point is reached somewhat short of half 


saturation. Again, if to a solution of the protein, kept at 100°, a hot 


saturated solution of MgSO, be added, precipitation is seen to be 


complete when the amount added is equal to about twice the bulk of 
the original solution. A hot solution of Am,SO, precipitates fully when 
about an equal bulk has been added. 

It is clear that taking all the facts together the resemblance between 
the heat-altered urinary protein and a typical blood-globulin is, as 
regards solubility factors, exceedingly close. The fundamental difference 
between them is the difference of a temperature factor involved in their 


equilibrium with salts, etc. What is special in this temperature relation 


is the basis of what is special in the physical chemistry of Bence-Jones 


Addendum. It is necessary before closing this section to make some further reference 
to Magnus Levy’s results. In the case studied by him it appeared that the only salt 
effective in promoting solution of the protein at 100° was ammonium chloride. As regards 
our own material it will have been observed that all the effects of salts as described were 
quantitatively, as well as qualitatively, identical in all three of the cases studied. It is 
difficult to reconcile Magnus Levy’s results with ours save on the assumption that his 
material was different. This was almost certainly the case, though the difference did not 
necessarily concern the native protein in the original urine. The urine of Magnus Levy’s 
case was not typical, in that the heat coagulum produced at 50° was not completely dissolved 


at 100°. We believe (as he did) that this was due to the nature of the urine rather than 


to that of the protein; but the circumstance led him to submit the latter to special 
treatment before its solutions were used for studying the effect of salts. He coagulated 
the protein under boiling alcohol, and then, since it was no longer soluble in water, 
dissolved it in weak ammonium hydrate. Such a solution when neutralised with HCl 
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(containing therefore AmCl) showed the typical heat phenomena. The protein coagulated 
at about 50°, dissolved on boiling, and reappeared on cooling. . 
Magnus Levy states that sodium chloride and magnesium chloride had no effect in 
promoting solution at 100°; but it is not quite clear under what conditions they were tested. 
If they were added to the neutralised solution, in which ammonium chloride was already 
present the conditions wonld be complicated ; if to the ammoniacal solution, then, from the 
facts given in this section, it is clear that the conditions would be such as to make MgCl, of 
low potency as solvent, and this is the case with NaCl under any circumstances. Magnus 
Levy does not appear to have tried salts of the type of sulphates. He got negative results 
with phosphates, which we have not ourselves tested. In any case the preliminary treat- 
ment suffered by, his material prevents it from being strictly comparable with ours. Other 


influence of sodium chloride at 100°, since they have shown that its addition to dialysed 
urine restores the typical characters lost upon dialysis (supra). 


III. or THE PROTEIN. 


In per cent, of ash-free protein 
Case A. (a) 51-64 6°66 16-19 24°33 
51˙7¹ 6:80 — — — 
Case B. 51˙7⁴ 6˙98 16°18 28-97 1:18 
Case C. (a) 61˙46 7:14 — 
(8140 
Means: A 361˙67 6˙78 16˙19 24˙24 1:17. 
| 16°18 98°97 118 
| 
Mean of all ; | 24° 1.18 
6.81 16-21 24:12 118 
Amide-Nitrogen per cent. 
94 1°80 
B 1:30 
Analytical, details. 


A. (a) 0°1695 grm. subst. gave 0°3210 CO, and 0°1016 H, O; 0°2330 gave 81:0 c.c. 
Nat 15° and 775 mm.; 11155 grm. gave 00950 BaSO,. 3 
01600 gave 0.2844 CO, and 0-0916 H, O. | 

B. 0°1550 gave 0-2941 CO,, and 00974 H,O; 01710 gave 23:2 .c. N at 16% and 760 mm.; 
1°60 grm. gave BaSO,, 
0. (@) 02165 subst. gave 04007 00, and 018886 0. 

(b) (1) 0-108 gave 0-2858 CO, and 0-0943 H,O; (2) 0˙2573 gave 0·4875 CO, and 
0°1645 H,O ; 0-2185 gave 292 b. 6. N at 15° and 772 mm.; 1:5 grm. gave 0177/1 BaSO,. 
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The protein employed for the above analyses, and also for the 
purpose of hydrolysis, was obtained by heating the diluted urine, after 
acidification with acetic acid, to temperatures not exceeding 60°. The 
coagulum was filtered off at the pump and washed very thoroughly with 
faintly acidulated water. It was then washed many times with alcohol 
(some of the material stood, at this stage, for long periods under 
alcohol), then again with water and finally with alcohol and ether. It 
was dried at 110° till of constant weight, and was practically ash-free. 
We found that prolonged washing with water was necessary to remove 
an associated substance which somewhat lowered the carbon-content. 


(B) The Amino-Acids. 
A study of our material has confirmed the belief that the Bence- 
Jones protein yields all those amino-acids which are to be obtained 


from typical proteins, and is therefore not a fractional product arising 
from the partial breakdown of protein in metabolism. We analysed side 


by side the material from two distinct cases, and our results appear to 


offer evidence of identity. 

Proof that two different persons may excrete identical material does 
not of course carry the corollary that the urinary protein is a chemical 
individual. But if the protein were shown to be the same in all cases, 
or in certain groups of cases, the fact must be of significance when its 
origin is under consideration. It is of course true that with the avail- 
able methods the separation of only a very few of the amino-acids is 
even approximately quantitative, and this remains true in spite of 
certain advances towards accuracy which have been made quite recently. 

Not claims on the part of those who have essayed to separate the 
constituent amino-bodies of proteins, but the current practice (in text- 
books and elsewhere) of publishing quantitative statements and com- 
parisons, without reference to those shortcomings in methods which are 
frankly avowed in the original papers, makes it desirable at the present 
time to emphasise the existence of such deficiencies’, With respect 
however to certain amino-acids some claim for considerable accuracy in 
estimation can be made, and it is upon a satisfactory agreement among 
these, when the proteins from the two cases are compared, that our 
belief in their identity is based. 

1 For recent discussions concerning these see, ¢.g. Osborne and . 
Amer. Journ. Physiol. xxv1. p. 212, 1910; ib. 805. Also Abderhalden, Zeits. physiol. — 
_ Chem. LxXXVI. p. 477, 1910. We ake e convinced that analytical difficulties have 


not always the same incidence when different proteins are under treatment. This has struck 
us forcibly when comparing’Bence-Jones protein with 
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(I) Amino-acids separated without preliminary esterification. 
Tyrosine. Fifty grammes of dry ash-free protein from each case 
were boiled for 20 hours with 500 c.c. 25°/, sulphuric acid. The acid 


was quantitatively removed with baryta and the barium sulphate 


precipitate washed until the washings even after concentration gave no 
trace of colour with Millon’s reagent. The filtrate in. Case A was 
evaporated and three successive crystalline fractions obtained of which 
the last gave only a very slight tyrosine reaction. A fourth fraction 


gave no reaction. The three first fractions were united, dissolved in 


weak ammonium hydrate and the solution boiled with blood charcoal. 
Upon concentration and standing the tyrosine separated in white silky 
needles which after a further e from ammonia gave good 
figures on analysis. | 

The protein of Case A yielded 207 grins. 414%. From that of 
Case C after almost precisely similar treatment 4°23 / was obtained. 


ie 0°1560 subst. gave 03410 grm. CO, and 0°870 H,O 
C. 01681 „ » 9952 „ 
A. Carbon = 59°61. Hydrogen ae 
CW. „ 35946. 
Caleulated for , N, Carbon = 59°67 Hydrogen = 608. 


Tryptophane and Cystine. These were separated from the protein 
of Case A only. A quantity equal to 263 grms. of the dry ash-free 
protein was digested with 1 gram of Pancreatin Rhenania. After ten 
days 5% by volume of strong sulphuric acid was added and the 
tryptophane and cystine precipitated together by means of Hopkins 
and Cole’s mercuric sulphate reagent. After decomposing the mercury 


precipitate and filtering off the mercuric sulphide the mixture was not 


further fractionated with the mercury reagent in the usual manner, but 
after removal of sulphuric acid the solution was at once concentrated. 


i Cystine separated before there was any separation of tryptophane, and 


it proved quite easy to prepare the pure products by fractional 
crystallisation. A little charcoal was employed to decolorise the final 
product in each case. Of tryptophane 2147 grins. were obtained, and 
of cystine 1495 grm.—equal to 0°82 and 0°57 / respectively. 

The somewhat low percentage of tryptophane obtained is far from 
showing that the Bence-Jones protein is relatively poor in this substance. 
The always rather serious loss in the mother liquors is relatively higher 
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when small amounts of material are dealt with. ‘Thus, from casein, it is 
not difficult to get 1°5°/, and more, when two or three kilos have been 


digested, but from 250 grins. the yield is not often more than 0°5 or 


07%. The yield of cystine was of course not quantitative, but the 


Separation of the pure substance from a pancreatic digestion is of some 


| interest in itself; the product had a normal rotatory power. 


Tryptopbane 0˙1670 grms. gave 19˙45 C. 0. moist N at 18° and 75 mm. 
N=13°67%,. Theory 1372 
| Cystine. 1063 grm. dissolved in 20% HCl. Total weight of 


solution 35°068 grins. = 3:03 "lo. Rotation in 4 si tube = . 1 


[a] 224 


Glutamic Acid. The ease with which 1 acid separates as 
hydrochloride from the products of HCl hydrolysis seems to vary with 
the protein under treatment. Whenever we hydrolysed the Bence-Jones 
protein we always found that, no matter at what concentration of the 


products the saturation with gaseous HCl was carried out, the glutamic | 


hydrochloride separated with exceptional slowness and difficulty. For 
its estimation we hydrolysed fifty grms. of the dry protein (Case A) by 
boiling for 20 hours with 250 Cc. of strong HCl. The mixture was 
saturated ice-cold with gaseous HCl and was then allowed to stand for 
several weeks in the ice-chest. The crystals obtained were for some 
reason exceptionally small and they did not. settle to the bottom of the 
fluid. Instead of filtering through linen or asbestos we found it necessary 
to centrifuge the material in corked vessels. This secured very complete 
separation, and the product obtained was, from the first, nearly colour- 
less. The mother liquors were concentrated and again saturated with 


HCl when a second small fraction was obtained by centrifuging. The 
two fractions were combined, dissolved in a minimal quantity of water 
and the glutamic acid again separated by saturation with gaseous HCI. 


The product could now be filtered through linen. It was colourless and 
free from ammonium chloride. Dried in vacuo over sulphuric acid and 
caustic soda till constant in weight, it weighed (Case A) 4°70 grms., equal 
to 9°40 %, or 7:53 / glutamic acid. In Case C 25 grms. only of protein 
were hydrolised. After similar treatment it yielded 2 515 ‘grms. = 
hydrochloride = 10°06 %, or 8:05°/, of free acid. 


Case A, 03214 grm. gave 02525 4801 0¹— 19°47 
„C. 03800 „ „ 02600, 1989, 
Calculated for C, H, NO. Cl „1935 „ 
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Acid. Aspartie acid, when separated from the 


produets of hydrolysis as its mercury compound, is, as one of us has found, - 


nearly always to be obtained in better yield than when the ester fractions 
are dealt with: Fifty grams of the dry protein were boiled for eighteen 
hours with 25 */, sulphuric acid (500 ¢.c.). The sulphuric acid was then 
quantitatively removed with baryta and the fluid concentrated to 250 cio. 


and cooled. The tyrosine which separated was filtered off. A warm 


solution of mereyric acetate was then added to the filtrate until no 
further precipitgte fell. Barium hydrate in hot solution was added till 
the fluid became alkaline, and then more mercuric acetate; the two 
veageuts being added alternately till any precipitate produced by either 
‘was-mo longer white but yellow. The precipitate was then filtered off 
and washed at the pump with a cold saturated solution of mercuric 
acetate. _It was suspended in water and the mercury precipitated with 
SH,. The mercury sulphide being filtered off and well washed, the 


filtrate was concentrated to 150.c.c. and boiled up with copper carbonate — 


in excess. After filtering, the fluid was further evaporated in vacuo over 
sulphuric acid when copper aspartate separated in characteristic crystals. 
From the mother liquor of these a further crop was obtained. Subse- 
quent evaporation gave no further yield of crystals but only an amorphous 


residue of copper salts, The copper — pow to be pure with- | 


out further treatment. 


Case A yielded 2˙141 arms air-dried copper salt = 4282 / = 207 */s 


aspartic acid. | 
Case C gave 2°24 grms, air- dried copper salt = 448 °/; = 217 % 
acid. 
0. 03325 grm. air-dried Cu-salt gave 01010 CuO. Cu 
= 22°88 %. Calculated for NO Cu, 4H, 0 2307. 


Arginine, Histidine, and Lysine. The estimations of diamino acids 
were made according to the familiar method of Kossel and Kutscher, 
as modified by K ossel and Patten, but with a further slight modificae 
tion m connection with the separation of arginine and histidine. An 
identical procedure was applied to the protein in each case. Fifty grms. 
of material were hydrolysed with 25% sulphuric acid to serve for the 


estimations. After the first precipitate of arginine- and histidine- silver 


had been decomposed with sulphuric. acid, the silver and sulphuric 
acid were removed, and the solution made slightly acid with nitric 
acid. Excess of silver nitrate was then added in the usual way. In 
the fractional precipitation of this solution with barium hydrate, 


PH. XLII. 15 
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22 N. G. AVD H. BAVOORRY.. 
instead of using ammoniacal silver solution as ä test for the 8 
of histidine’, we added the baryta gradually, in small quantities at a 
time, and filtered off at the pump three successive fractions. of the 
precipitate. The first fraction was that obtained when’ the ‘solation 
bad been just nbutralised to litmus. Each fraction was ‘washed, 
ground up with sulphuric acid, and the silver removed from solu- 
tion as sulphide, The content of sulphuric acid was then, in each 
fraction, brought up to 5%, and acid mercuric sulphate solution was 
added to precipitate any histidine present. The first fraction gave an 
abundant: precipitate, the second very little, and the third none, even 
upon long standing. Histidine being absent from the last fraction, no 


further fraction was precipitated from the original solution, which now 


contained arginine alone. Mercury and sulphuric acid were removed 
from the solution of the third fraction and it was mixed with the original 
liquid containing the arginine. From the other two fractions. the 
mercury-histidine compound was filtered off, and mercury removed 


from the combined filtrates, which were then evaporated to small bulk, 


and a determination of nitrogen made by Kjeldahl’s method upon an 
aliquot part (infra). The histidine compound was suspended in water, 
decomposed with SH,, the mercuric sulphide filtered off, and the 
sulphuric acid removed quantitatively with baryta. The filtrate from 
the barium sulphate was concentrated, treated with excess of hydro- 


chloric acid, and evaporated to a syrup. The histidine. hydrochloride 


crystallised almost immediately in the characteristic rhombic form, and 


was nearly free from Aer, It was dried in a 0 till, of constant ; 


weight. 
Case A gave 0˙57 75 grm. histidine dichloride =] 456 ly. 
„ Coy, „ 
Histidine (A) 0° 843 © 0-780 


_ The 3 solution after removal of histidine was now saturated 
| with baryta, and’ the arginine liberated from the silver precipitate in 


— — 


che usual manner. Its solution was exactly neutralised with nitric acid 


and taken down to complete dryness. The residue which 488 to be 
pure arginine nitrate (infra) was weighed. | 
Case A yielded 3.792 grms. = 7.584 =: 5.370 arginine 


of ammonisaal silver solution. 
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To these amounts must be added the small quantity of argfaine 
determined by Kjeldahl in the filtrate from the histidine precipitate 
as described above. The N thus found was, for Case A, 0°21 7 of the 


Protein, and, for Case C, 920 00650 ‘and 0629 ½¼ re- 
— 
| Total Case A, 6020 

Case C, 6-062 


be arginine nitrate aſter being weighed was in each case 1 
in water, boiled with excess of copper carbonate, the solution filtered 
and evaporated nearly to dryness. On standing the residue set to a 
solid magma of well-formed uniform crystals. After drying in the air 
they were weighed. 
The weights of arginine-copper-nitrate so obtained agreed almost 
exactly with the amounts calculated to correspond with the original 
= of arginine nitrate, thus ‘proving the purity of the latter. 


() 3-792 grms, C. H. N. O, HNO, +4 4498 copper 
compound 


841 grms. 0. Exo. Hio gave 4500 gre copper 


Calculated for (C,H, N. O,), Cu(N 00% + 3 0 
4542 grms. and 4601 grms. respectively. 
The copper, and the loss on drying at 110°, were ‘determined for the 
copper compounds 


(A) 
() 4560 „ „ 0439 grins gane 9068 grmo. „ 
(A) water 9°89 ½, copper 1077 
“Cy 

“Calculated, water „ 1077 , 


The histidine estimations agreed fairly well, considering 15 small 
| amount present, and the arginine estimations agreed very exactly. 
7 In the lysine separation however an unexplained difficulty presented 
J itself, and we were unable to make a quantitative comparison. In the 
filtrate from the silver precipitate lysine was, as usual, thrown out with 
phosphotungstic acid, and the precipitate thoroughly washed. When 
this was decomposed in the orthodox manner, and the solution contain- 
ing the lysine concentrated to small bulk, the addition of picric acid or 

_ godium _ failed i in. both cases to give a satisfactory crystalline 
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precipitate, even after long standing. We found it necessary to add 
alcohol to the solution before adding the picric acid, and to filtrate off a 
somewhat bulky amorphous precipitate produced by the alcohol. In the 
filtrate from this a typical piorate was obtained, but the experimental 
manipulations prevented us from obtaining more than a small part of 
the lysine from Case A. From Case C the yield was probably not far 
from quantitative. The picrates were weighed after recrystallising from 
hot water. From (A) 3°783°/, of picrate were ultimately obtained; 
(O) yielded 9°425°/,, equal to 367 / lysine. N 


Amino-acids separated after Esterification. 


One hundred grammes of the dry protein, from Cases A and C 
respectively, were boiled for eighteen hours with strong hydrochloric 
acid and the products esterified by Fischer’s method. Glutaminic acid 
was not separated before esterification. For transferring the esters to 
ether we used the barium method of Levene’ and found it highly 
convenient. The residue was esterified a second time, but the yield 
of esters was then so small that a third esterification was not thought 
necessary. Upon distillation the following fractions were obtained: 


Weight 

Pressure Case A 
100 80mm. 1020 me. 110 ms. 
II 70 0˙5 16°15 1600 
III 105° 05 6°75 * 6°20 
IV 200° 05 24°10 


The first fraction consisted largely of alcohol and ether and its 
weight is not significant. It will be seen that the two cases agree ¥ 
closely in their yield of the later fractions. All were saponified in the q 
usual way. 
 @lyome. Fraction I was taken to dryness in the presence of excess 
of HCl, the weight of the residue being (in Case ©) 3°9 grins only’. 
It was, in each case, covered with 50 c.c. of absolute alcohol, and the 
liquid saturated with gaseous HCl, when all went into solution, It 
was then sown with a crystal of glycine-ester hydrochloride, but no 
separation of glycine could be obtained from either case, even after the 
solutions had stood for several weeks in the ice-chest. None was 


1 Journ. Biol. Chem. 1. p. 4. 1905; ib, vi. p. 419. 1909. 
2 We omitted to weigh this residue in Case A. 
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obtained after concentration and further standing. The alcohol was 


therefore evaporated off, the residue dissolved in water and the solution 
well boiled. HCl was then removed with silver sulphate, and the 
sulphuric acid, quantitatively, with barium hydrate. The solution was 
then further boiled under a vertical condenser. The amino acids 
present were then separated by fractional crystallisation into three 
fractions, of which the most soluble weighed 1°2 grms. in Case A, and 
1:35 grms, in Case C. In each case this fraction was dissolved in a 
small quantity of hot water, and, while hot, mixed with an equal 
volume of an alcoholic solution of picric acid. On cooling a crystalline — 
picrate separated which was filtered off and recrystallised from hot 
water. It melted at 192° (uncorr.) in each case, and the melting point 
was not altered when glycine picrate, prepared from pure glycine 
(melting also at 192°) was mixed with the products. There can be no 
doubt that glycine was present in the protein of both cases, but the 
amount of picrate obtained (about 0°2 grm. in each case) is no measure 
of its quantity. While Magnus Levy, using Spiro’s method, could 
find no glycine in the protein of his case, Abderhalden and Rostoski 
found, in their material, 17%. As we were careful to ascertain that 
no loss of glycine occurred, either by separation from the alcohol during 
the original esterification, or during the removal of ether before 
fractional distillation, we believe that our material almost certainly con- 
tained less than the amount found by Abderhalden and Rostoski. 

Alanine. Alanine could not, unfortunately, be obtained in a pure 
condition from either case. It is clear that the amino-acids of low 
molecular weight were present in relatively small amount, and the 
100 grms. of protein hydrolised were not enough to permit of efficient 


separation. After the glycine had been precipitated as picrate, and 


picric acid removed from the filtrate, the whole material of Fraction I 
(Case C) was mixed, and then separated into four fractions by 
crystallisation from water. The larger and most soluble fraction 
contained 4402 % C and 860% H. It could not be further 
separated, The least soluble fraction gave 52°22 C and 9°72 H. Both 
leucine and valine were probably present in small amount. Similar 


indications were obtained in Case A. Since no glycine could be 


detected in the first mentioned fraction, its low carbon content suggests 


that alanine was present admixed with leucine or valine. 


Proline. Fractions II and III after saponification were taken 


completely to dryness on the water bath, dried at 100°, and each 


thoroughly extracted with absolute alcohol. The alcohol was allowed 
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to. evaporate at 90°, and the reridues again taken up in absolute 
alcohol. This process was repeated until the material went up easily 
and completely into cold absolute alcohol, the slight insoluble residue 


at first obtained being returned to the main fractions. The alcoholic 


extracts were then mixed and evaporated under reduced — tle : 


25 being finally dried and weighed 


Case A yielded 2674 grms, 


A large 8 of the copper salts was in each case wolable! th 9 
alcohol. © Of the lvo-prolin copper (dried at 110% from A, 15210 grin. 3 
gave O-4115 and, from B, 1:2665 grms. gave 03405 


(A) Cu=21°61°%,; (O) 21 50 %. 
for O. N, Ou: Cu 21.81% . 


The inactive prolin copper was obtained crystalline from water. 
Valine and Leucine. Fractions II and III after extraction of the 


proline were combined. They weighed together 14°49 grins. in Case A, 


and 14°14 grins. in Case C. A separation of valine from leucine by the 
method of Levene and Van Slyke’ was carried out on the material 
from Case C. To judge from our experience this method gives nn. 
results. 

The original mixture of amino acids contained 52˙70% sae, 
: indicating (on the assumption that only valine and leucine were — 
the presence of about 40°/, of leucine isomers 


100 - 3970). 


For the separation 12°75 grms. of the mixture were suspended in 
90 C. of water, heated to boiling, and treated with 20 ce. of 


concentrated aqueous ammonia. To the solution 24 c.c. of. 1:1 M lead 
acetate were slowly added. The mixture was well shaken and cooled, 
and after one hour the precipitate was filtered off and washed with 


alcohol and ether. After n in vacuo till constant it — 
10361 grms. 


0300 grm. yielded 0:1946 PbSO, = 0°1829 Pb, Ph = 4480 0% 
Calculated for Pb 44° 29 70. 
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The. preoipitate was therefore pure lead - leucine. The valine fraction 
wns recovered! Kb the filtrate after precipitating the lead as sulphide. 


‘The residue obtained on evaporation was treated with alcohol-ether 
mixture (3: 1) and dried. It containéd’ 51°89%/, carbon, a figure. 


indicating that it was still ‘admixed with 17°7°/, leueine. It was 
dissolved in ammonia and precipitated with a quantity of lead 
acetate calculated from the above datum. There were thus obtained 
2:71 grms. (=2°78 grins. from the whole fraction) of lead salt, yielding 
44°09 % Pb, and consisting therefore of nearly pure lead-leucine. ‘The 
valine. fraction was again recovered from the filtrate. Its appearance 
and behaviour on heating indicated that it was not yet pure, but after 
recrystallising from water, which involved some loss, 4931 grins. of pure 
valine were obtained, equal, after allowing for the material removed for 
the determination of carbon given above, to 5054 grms. from the 
12°75 * used in the ne When — it decomposed 
at 296°. 

The obtained 40361 grms. + 2°78 grms. = 13° 141 gras.) 


to 5°82 grms. leucine. This to the total amount 
of the residue from Fractions 1 and II (582 c * ip: 1275) gives the leucine 
5 yield from the protein as 6°46-°/,. A similar calculation for the valine 


gives 5°60°/,. We think there can be little doubt that, as Levene 
and Van Slyke urge, the use of the lead separation will show that the 
valine content of is has been 


Case O: Analyses. 


Leweine mixture. 


0-5 grm. yielded ammonia neutralising 15°2 d. o. 
requires 10°68 p.c. 
Notation; total weight of solution 40-9480 
Faline. | 
Analysis: 0-1890 0°2940 00, 0-1890 H,0 061-11; H=9-64.. 
Caloulated for HO, N 0=51-24 ; H=9-47. 


— 


92 The Tead- leucine: fractions were ‘united atid the lead 0 as 


sulphide. A determination of the rotatory power of the 8 leucine 


isomers so obtained, when dissolved in 20% HCl, gave [a] B = 1901. 


This indicates that the mixture contained 15°64 °/, of isoleucine and 
8436 % Lleucine. The HCl was removed from the portion employed 
for the determination of rotatory power, and the leucines returned to 
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228 ＋ G. HOPKINS AND H SAVORY. 
the: original fraction. Of this, 5 grms. were now converted into copner 


—_ and the mixed salts extracted with methyl alcohol according to 


the method of F. Ehrlich. The copper salt soluble in this yielded, when 
« decomposed, free amino acid closely corresponding to the expected yield 
of isoleucine (0°81 grm. from 5 grms.). Owing to an accident however 
the rotatory power of this could not be determined and the presence 
of isoleucine cannot be claimed as conclusively proved. The rotatory 
power of the leucine mixture indicates that the protein yielded 5°45 se 
of ordinary: leucine and 101 / isoleucine. 
_. Phenylalanine. Fraction IV before saponification: was shaken in 
each case with an equal bulk of dry ether, and the ether extract 
subsequently washed thrice with its own bulk of water. The ether 
Vas evaporated off and the residue taken to dryness several times with 
strong HCl. The hydrochlorides, after standing in a vacuum desiccator 


over sulphuric acid and caustic soda, weighed 11°75 grms. (Case A) 


and 11°57 grms. (Case C) respectively. These residues were, however, 
far from being pure phenylalanine hydrochloride. They contained in 


each case a little leucine and some aspartic acid. As the ether extract 
was thoroughly washed we are unable to explain the presence of the 


latter. The hydrochlorides were recrystallised twice from strong HCl, 


that is to say they were twice dissolved in about 20 C. c. of water and 


thrown out by saturating the solution with gaseous HCl. By this 
means pure phenylalanine hydrochloride was obtained, weighing after 
drying over H,SO, and NaHO) 5°98 grms. from Case A, and 6°02 from 
Case C; equal to 473 and 492% respectively of phenylalanine. 

After removing the HCI from the filtrates an attempt was made to 
identify the amino-acids which accompanied the phenylalanine when 
the esters of Fraction IV were extracted with ether. A small fraction 
was obtained having the characters of leucine, and aspartic acid was 
identified as a copper salt. In Case C the phenylalanine was liberated 
from its hydrochloride by evaporation with ammonia and subsequent 
washing with cold water. It melted with decomposition at 284°. 


Analyses: Hydrochloride, Case A: 0°500 grm. gave 0°3561 AgCl; 


Cl=17°62°/,. 01478 grm. gave 88 c.c. moist N at 18° and 751 


mm. N=690 pe. 
Calculated for C, HO, N. HCl, Cl=17 61, N=694. 


Phenylalanine, Case C. 0.1600 grm. gave 11-4 cc. moist N at u. 
and 741 mm. 8°49. 
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Aspartic.and Glutaminio Acide, As both thess acide were estimated 


by direet methods we did not follow up completely their isolation from 


the esters. After removal of the phenylalanine ester, Fraction IV was 


saponified with barium hydrate in the usual way. From the insoluble 
barium salt in Case A 0°766 grm. of aspartic acid was obtained. 
After removing the glutaminic acid as the hydrochloride and freeing 
the filtrate from HCl, a small amount of copper aspartate was obtained, 
weighing, air-dried, O 270 grm., equal to 0130 grm. aspartic acid. We 
separated therefore from the esters only 0°91 °/, of this acid, though the 
direct separation gave 2°17°/, (supra)'. The glutaminic acid obtained 


from Case A amounted to 72% -80 / of the quantity separated 


direct; the distillation residue was not dealt with however. In Case C 
aspartic and glutaminic acids were not determined quantitatively in the 
ester analysis. In both cases we endeavoured to identify serine after 
removing the above acids from Fraction IV. The N of — 
was however too small for success, 


The following is a summary of our a the figures representing 
pure. 


Case A per cent. Case C per cent, 
| present 
Alanine 3 probably present probably present 
Valine+ Leucine [14°49] fed) 
Valine 5°60 
Leucine Isomers — 6°51 
l-Leucine — 5°45 
Isoleucine — 10¹ 
Aspartic Acid 207 2˙17 
Glutamic Acid 768 8-05 
Proline 267. 2°71 
Phenylalanine 4°78 4°92 
Tyrosine 4-14 423 
Tryptophane — 0°62 + 
Oystine — 0˙57＋ 
Arginine 6020 6-062 
Histidine 0°848 0-780 


Our belief that the same . 
based especially upon the close agreement in the figures obtained for 


eg. tyrosine, phenylalanine, proline, arginine and aspartic acid (separated 


1 Osborne and Breese-Jones recovered in the esters only 42°5°/, of the aspartic 
acid present in an artificial mixture of amino-acids of known constitution. Amer. Journ. 
Physiol. xxvt. p. 825. 1910. : 
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directly) these being just those amino-acids in our estimations of which 
we felt the greatest confidence. The figures for glutamic acid and 
histidine are of the same order in both cases, and, as regards the former, 
considering the difficulties experienced in its separation the agreement 

is not unsatisfactory. Further evidence in support of the identity is 
obtained from the close agreement in the weight of the original ester 

fractions, and in the weight of the crude valine-leucine mixture. Again 

we find satisfactory agreement among the elementary analyses, including 

the sulphur estimations. In these the proteins from all three cases 

showed agreement, as did their quantitative relations to salts as 

described in Section II. It should be understood as regards Cases A 
and C that the material used for analytical work was . sand 

urine collected over long periods. 

To judge from our results the Bence-Jones protein is * 
by a high content of the aromatic acids, the values for tyrosine and 
phenylalanine taken together being considerably higher than any yet 
described for a blood - or tissue - protein. Judging, indeed, by our 
figures as a whole, the protein would seem to stand by itself in respect 
of its chemical composition as much as it does in respect of its physico- 
chemical properties. But data concerning blood and tissue proteins are 
as yet too scanty to allow of any satisfactory comparison. For other | 

— from the human body we seine no data at all. 


SECTION IV. METABOLISM. 


amount of protein the titel of 
the urine. The effects of variation in the diet. In Case A a large 
number of estimations of protein and of total nitrogen were made 
during the year which followed the diagnosis of the condition. In the 
middle of the following year a considerable number was made; but 
later the case passed out of our direct control, and our observations 
were few. They were sufficient however to indicate the progress of the 
case, and the interval between our first estimations and the last was 
nearly four years. The patient of Case B died shortly after we first 
regeived the urine for analysis, and we have the record of metaboliem 


Gross and Allard on administeri 00 
obtained ao large a proportionate rise in the homogentisic acid excreted that they were led 
t conelnde that the protein must be rich.in aromatic groupings (Zeitsch. f. klin. Medizin. 
Latv. p. 359. 1907). We are indebted to Dr'A.-E.Gatrod for calling our attention ta these 
observations. | 
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for six days only. From Case C only a few e saimplee were 

Methods, The protein was estimated by segue the i 
cb by heating the urine. Twenty o.c. wers diluted with an equal 
bulk of water, acidulated with 2 c. c. of acetic acid, and heated for two 
hours in a water bath kept at 60°C. The beaker used was then cooled 
in ice, and the coagulum filtered at the pump, either through a weighed 
Gooch crucible or through a filter paper supported by a perforated 
plate. It was thoroughly washed with ice-cold water, and, when a 
filter paper had been used, was subsequently transferred to a weighed 
platinum dish. In all cases it was dried at 120° till of constant weight. 
When, as in our cases, no blood proteins are present, this simple 
method is eminently satisfactory. Determinations were always made 
in duplicate, and agreed with great exactness. The filtrate was always 
tested by Bradshaw's test (ring test with strong HCl), and if this was 
not entirely negative a fresh estimation was made. If a protein-free — 
filtrate were mixed with one-tenth of a c.c. of the original urine the 
mixture would always show a positive result with Bradshaw’s test. 
The heat-coagulation method therefore gave results with an accuracy 
equal to at least one part in two hundred. The wash waters were often 
evaporated and tested, but never contained protein. In a very few 
instances, and only when the urine was strongly alkaline the method 
failed of accuracy; complete coagulation not occurring, in spite of 
acidification. On such rare occasions 20 c.c. were neutralised, mixed 
with 60 c.c. of strong alcohol, and allowed to stand for a week. The 
coagulum was then suspended in water acidulated with acetic acid, 
heated, and treated as above. The total — of the urine was 
determined by Kjeldahl’s method. 

A comparison of the cases . 
they show so wide a variation in the grade of total metabolism. The 
woman of Case A, when upon uncontrolled diet, excreted no more 
than some 8 grins. of total nitrogen daily. The nitrogen representing 
protein actually utilised in metabolism was upon the average less than 
- 6 grms., often falling considerably below 5 grms. In other words when 
guided by her appetite alone she catabolised some 40 grms. of protein 
only, or 0°75 grins. per kilo of body weight; half the normal amount. 

On the other hand the patient of Case B was, at the time of our 
analyses, excreting more than 22 grins. of nitrogen a day; 16°5 grins. 
of this representing metabolised protein. If therefore the excreted 
protein be entirely left out of account this individual showed an average 
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grade of nitrogenous metabolism, utilising some 1°5 grm. of protein 
per kilo per diem. | 

In Case C metabolism was apparently of intermediate grade. The 
man exereted daily about 12°5 grms. of total nitrogen; eight grms. 
representing protein breakdown or about one de: of protein catabolised 
per kilo. 

Roughly speaking the amount of Bence-Jones protein ‘excreted was 
in our cases adjusted relatively to the general level of metabolism, so 
as to bear much the same ratio in each case to the protein broken 
down. In Oase A, when the diet was uncontrolled, the ratio of the 
nitrogen excreted in the form of Bence-Jones protein to the total 
urinary nitrogen was of the order of one to four. Later it rose to one 
to three. (The low ratios in May and June 1906 are explained below.) 
In Case O it was also one to three; in Case B it was only a little less. 
These are average values, under conditions when appetite was the 
guide to consumption. As will be evident later, wide fluctuations in 

the amount of ingested protein greatly affected the ratio (Case A). 
: To judge from the results obtained from Case A the amount of the 
protein excreted may vary from time to time, and an alteration in its 
amount may occasionally be abrupt. On the other hand the excretion 
is apt, for long periods to become set at a certain level, and remain 
strikingly constant from day to day. When our record began in 
March 1905 the excretion of four days upon an uncontrolled diet 
showed an average of 1422 grins. per diem; but it then fell to a 
somewhat lower figure, and was for several months remarkably constant. 
Thus, 20 determinations during April gave an average of 11°22 grms. ; 
eight in June gave one of 11°44 grms. Six estimations in July showed 
a daily excretion of 10°78 grms., and three in November 1092 grms. 
An inspection of the figures for this period will show that when no 
special circumstances were present the daily fluctuations were small. 
In 1906 a series of determinations was made in the middle of the year, 
the diet being controlled during a portion of the period for the purpose 
of a balance experiment. It is remarkable that the protein excreted 
at this time had fallen to an average of only eight grins. per diem. 
It remained very constant in spite of great variations in the diet, which 
during part of the time was of exceptionally high nitrogenous value, 
and later was wholly vegetarian with little nitrogen. This period fell 
some six months after the close of the earlier estimations which showed 
a higher value for the protein. Later observations in the year showed 
the excretion to be still constant at the level of some eight grms. per 
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TABLE A. General Metabolism in Case A. : 
* * 
| 41 Diet, ete, 
— 165 1482 282 #$.— — Uncontrolled diet 
$66 122 18:32 2156 651 269 ” 
893 196 1446 234 659 262 4 ” 
662 106 1202 195 4:67 300 Milk diet 
769 «#118 12°34 2°00 5°69 260 Uncontrolled diet 
8-42 0800 1134 184 658 21° ” 
6°63 10°47 1:70 4°98 Second day of a gela- 
— 0780 1048 170 ##— — Uneontrolled diet 
634 100 1064 17/2 462 927-1 4 1 
7.47 #132 1198 4192 555 25 
9-98 1:06 1187 1-92 8-06 19-9} Proteinindictinten- 
870 116 1806 211 6°59 242 
649 1:16. 11°69 19 460 290 Uncontrolled diet 
580 096 1030 167 4˙13 2898 Bone-marrowadmin- 
istered and con- 
: tinued for one week 
769 0620 11:48 16 588 24-2 Uncontrolled diet 
964 0670 1129 188 581 240 
S11 0610 8654 138 6738 170 
6:39 0640 967 157 482 245 
— 009 616 22 —- — following cessa- 
* 
— 0620 1042 1°69 — — — 
8-31 0.757 12:09 196 6°35 23-5. Ordinary diet 
5°04 10°80 1°75 4°19 29°5 Second day of gela- 
| tine diet 
711 0-782 11°48 1°86 5°25 260 Ordinary diet 
708 110 1105 1°79 829 
652 179 1208 105 457 800 
728 4174 %204 524 28°0 
sides 1°52 11°06 — — — 55 ” 
— 097 10s — — — 
734 0850 952 1:54 #580 29 — 
784 0970 1076 178 6˙11 220 — 
950 0622 11°50 186 1 w. of beef per 
1132 0˙½ 12°39 2-01 931 17-7} diem added to or- 
1154 0-782 11°82 191 963 165) dinary diet 
11°97 0-857 18°96 226 971 189 Uncontrolled diet 
797 #119 11°97 194 6˙08 243 10 „ 
685 0702 1019 16 520 241 „, „ 
650 897 (1°45 505 228 ” ” 
8°22 2°04 618 248 ” 
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i 1 sf Diet, ote 
Aug. 12 1120 6°57. 0067 97 1°57 500 289 Uncontrolled diet 
15 1064 7°97 1466 1998 209 588 262 
18 110 — 1006 119 #182 — 
110 6˙94 149 545 21-4 
Nov.: 3 96 14 10% ¶ 
„ 5 1120 912 106 117 192 72 210 15 grms. pancreatic 


“6 1190 755 0-982 1088 1% 588 224 
May 29 740 1006 15100 814 192 874 180 
80 850 11°47 0982 792 128 1019 11:1 
31 1090 1123 0741 808 181 992° 11°7 
June 1 1030 1800 0814 9839 136 7:08 104 
1 18628 140 0591 9-01 1°56 129°84- 100. 
1072 12°72 0744 798 1:29: 1148- 101 
4 902 900 0-797 719 116 784 129 
5 846 1018 0949 797 129 889 126 
6 846 10°11 0944 799 129 8°82. 19:7, 
1 840 — 0910 764 1% ~ — 
36 2800 9˙50 1°54 — — 
7 — 2000 804 130 — 
— 784. 
„ 
Oct. 18 840 643 1562 1830 2515 428 33˙8 
14 998 «708 2147 15-65 9:58 4:55 337 
15: 952 769 1560 1485 2940 6569 981-2 
18: 672 G12 1800 1211 196 416 32-0 
‘1908 
1 560 6˙80 8740 2˙46 432 
16 504 821 8587 1894 295 526 356 
Jan. 34 4% 554 (0802 «(0548 5-00 


4th and 5th days of a 
rigid vegetarian diet 
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diem. Unless therefore it can be ‘asonitied thst the: progress of patho- 
logical change in the bone marrow is at times in abeyance, the amount 


of protein excreted would not seem to depend upon the actual amount 


of the abnormal tissues existing at any time. In 1907 only four 
determinations were made; in the month of October. The. daily 
excretion then averaged 14 grins. a day. The protein therefore, though 
in excess of the amount excreted during the greater part of 1905, and 
nearly double that of the year 1906 was yet in no greater quantity 
than when our experiments began, two and a half years earlier. The 
increasing kyphosis at this time, and the general history of the case 

leave little doubt that the amount of myelomatous growth had mean ; 
while greatly increased. In the middle of January 1908 three samples 
of urine. were examined and the amount of urinary protein was at this 
time increased, amounting on three consecutive days to 15°30, 15°34 
and 18°24 grins. respectively. We had no opportunities of making 
analyses upon measured 24-hour samples during the last year of the 
patient's life; though individual specimens received from time to time 
showed that the excretion of the protein continued. Not until the day 
before death did we receive the whole urine of the preceding 24 hours. 
This measured only 420 c.c. and the protein contained in it amounted 
to no more than 3°37 grms. The only point of interest in connection 
with this last analysis is the circumstance that, the patient being 
in -extremis, the protein excretion seemed to show a ‘much = 

proportionate reduction than did the total nitrogen. 

Perhaps the most important matter for consideration here is. ‘the 
influence’ of protein ingestion upon. the excretion of the Bence-Jones 


protein. We found it impossible to put the patient upon such éxtremes 


of diet as would determine this relation unequivocally. . But our data 
indicate, we think beyond doubt, that the excretion was largely 
independent of protein intake; that, in other words, the protein is 
an essentially endogenous product. In this our results agree not only 
with those of Parkes-Weber and Bradshaw, whose observations 
were few, but with those of Allard and Weber who followed the 
excretion in their case for some weeks. ‘They differ on the other hand 
from those of Voit and Salvendi! who ‘found that the amount of 
protein eaten produced a large effect upon the excretion. — last 
observers give however no figures in their paper. 
The independence of protein intake is not 8 any 0 more; than 
is is in the case of some excretives as 
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In Case A, upon on May 8th to 10th, inclusive, and upon June 18th and 


19th (1905), “dea protein of the diet was, with intention, largely 
increased. On each occasion there was a definite increase in the 
excreted protein which, as should be observed, was delayed. 7 


But if the fluctuations of total-N and protein-N throughout the 


period of observation be compared, it. will be seen that they are to a 


large extent independent. In general, as inspection of the table wil! 
show, whenever the total-N rises the proportion which the protein-N 


bears to it falls; when the total-N falls this ratio rises. The protein 
output is the more stable. Thus, taking the excretion of non-protein 
nitrogen as a measure of metabolism, we find 24 days in the Table in 


which its value was over six grms., and 11 days in which it was under 
five grms, The average of the first gives the protein-N as amounting 


to 18 % of the total-N ; the average of the second gives this proportion 


as high as 30 °/,. 
That the excretion depends but little on the immediate ingestion 
of protein is shown by the results of gelatine feeding. On April 4th 


and 5th and also on May 24th and 25th (1905) the patient took a 


dietary almost free from protein, consisting of arrowroot biscuits and 
gelatine in the form of jellies. The excretion of the second day is in 


each case given in. the table and the amount of protein will be found 
scarcely below the average level of the period. As the urinary protein 


is characteristically rich in aromatic groupings, it could hardly on these 


occasions have taken origin as an exogenous product by direct diversion — 
from intestinal processes, since gelatine was—and had been on each 


occasion for 24 hours previously—the sole nitrogenous material under- 
going digestion. This evidence would have been more conclusive had 
the gelatine feeding been longer extended, but we were unable to 
insist upon a longer consumption of an unwelcome dietary. 

The observations made in 1906 would, we are convinced, have 
offered a marked illustration of the relatively small influence of diet 
had our determinations of total nitrogen been complete. The patient 
was, at first, for a period of nine days (balance experiment, infra), upon 
a flesh dietary which hada nitrogenous value much in excess of what 


asccorded with her general habits. This led to abnormally low values 


for the ratio protein-N:total-N, such as would be expected on the 
assumption that the former is of endogewous origin. A fortnight later 
she took for five days a strict vegetarian diet. Unfortunately the 
total-N during the latter period was not determined though it was 


quite certainly very much below that of the preceding flesh period. 
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_ Considered as a whole our results indicate that the Bence-Jones 
protein has the essential stamp of an “endogenous” metabolite in the 
sense now generally attached to the word. That its amount is entirely 
unaffected by those activities of the tissues which are involved in 
digestion and assimilation is unlikely and against the wage of such 
evidence as is available. 

As bearing upon this matter we give here the results of two 
experiments (Case A) in which the excretion of protein and total-N 
were followed in two-hour periods. No food was taken till 1 pm., 
the hour of the chief meal. Another, smaller, meal was taken in the 
evening. 


Nov. 10 Nov, 19 
7 m. to 1 p.m. 20 88 
1 p. m. to 8 p.m. 15 18 54 
to Hm. 2 43 30 “41 
8 pm. to 7 m. 23 “21 x... 24 
7pm to m. 23 “41 17 


It is seen that an appreciable rise in the protein accompanies the 
postprandial rise in the urea. No conclusion as to the effect of sleep 
can be drawn from these two experiments, as, in one, the night period 
showed an excretion above the average for 24 hours; in ie other it 
was somewhat below it. 


TABLE B. General Metabolism; Cases B and C. 


B. 
i 5 
Date 
1907 i i i ge Diet, ete. 
April 26 1755 23 ˙50 89°30 640 1690  27°5 Uncontrolled 
27 1698 22°68 2°40 40°75 6°64 15°94 28°5 8 
28 1472 19°89 2°31 35°00 5°70 14˙19 28 ˙7 
29 1754 21°41 2°09 86°68 538 15°43 230 as 
380 2207 24°50 1°85 40°83 6°65 17°85 27°5 . 
May 1 1811 24% 212 88:39 626 1788 „% 
0. 
1910 
mixed sample 3°78 
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In Case B the quantity of protein excreted was high, amounting on 
the average to 38 grins. daily. No experimental variations in the diet 
could be made; the patient, as already stated, died a short time after 
we began to examine the urine. The output of protein during the six 
days covered by our estimations was remarkably constant; but so also 
to a somewhat less degree was the nitrogenous metabolism as a whole. 
The nitrogen excreted in the form of the protein constituted 28 he of 
the total nitrogen. , 

In Case C the output of protein was found to be nearly 24 grins. 


daily; its nitrogen amounting to nearly a third of the whole nitrogen 


excreted. 

It would have been satisfactory could we have made a prolonged 
study of metabolism, similar to that made in Case A, on one of these 
two cases with a high output of -protein. But the data given are 
sufficient to indicate the varying grade of metabolism which the cases 
respectively present, That B and C differ widely in this respect from 
Case A makes more interesting such proof of identity in the excreted 
protein as is offered in Sections II and III. 

Nitrogen-Balance Experiment. Case A. It seemed important to 
determine how far an individual suffering from so grave a disturbance 
of protein metabolism as this condition of proteinuria betokens, could 
be in nitrogenous equilibrium. The comparatively long duration of life 
found in Cases A and C, and some other published cases, after the establish- 
ment of the condition suggests that some conservative element is present. 
Whatever its origin, the protein, it would seem, cannot represent a 
loss to the tissues which is wholly unreplaceable. We have no continuous 
record of body weight in Case A, but the data we possess show that, - 
for months together, the loss might be slow. When she first came 
under observation the woman weighed 50 kilos. In December 1905 
she weighed exactly 49 kilos. Four months later the weight was the 
same. In August 1906 it was 45°5 kilos, In October of that year 
it was unaltered. In January 1909, the last record we possess, it had 
fallen to 43 kilos.. This loss was of course more than sufficient to 
cover the protein excreted if reckoned as protein, but not enough to 
correspond to the loss of tissue which such protein loss would represent. 
That the cellular growth in the marrow was all the time inerosaing in 
bulk must of course be borne in mind. 

A nine days’ N-balance experiment was carried out in this case. 
It lasted from May 29th to June 6th, 1906, inclusive, and the protein 
excretion, with that of total-N, is scheduled in Table A. The comparison 
between income and outgo is given in the following Table. 
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Date N in Food N in Urine Nin Feces Excretion 
1906 arms. arms. grms. Balance 
May 29 1686020 100 10°71. +65°15 grms. 
30 18°82 12212 +120 
June 1 14°89 18°00 4 18°65 +0°74 
18°76 14°80 1495 ~1:19 
8 12°88 12°72 18°87 3049 
4 9°45 900 9°65 0-20 
5 18-77* wie +204 
6 11°84 10°76 
Total for 9 days 118-94 1030 107% +: 11-02 
Average per diem 18-21 11°84 0°65 11-99 1712 


(107 containing nitrogen) formed part of the 
total ingests on this occasion. 


_ The food chosen was such as to be canily manipulated n 
and consisted of beef and mutton as free as possible from fat and 
connective-tissue: of eggs, milk, butter, bread, and biscuit. A little 
cocoa was drunk. The meals taken during the period were personally 


_ supervised by one of us (H. S.). The items of food were weighed out, 


and what was unconsumed carefully weighed back each day. Each item, 
including the successive supplies of milk for instance, was analysed. 
The feces proper to the period were isolated by means of charcoal. given 
with the first and last meals. 

On the balance of nine days there was therefore W of nitrogen 
to the extent of 11 grms.; or 1°22 grms. a day. The experiment as 
carried out involved, it is true, certain complications which were un- 


intentional and unforeseen. It was impossible to secure the consumption 


of a uniform dietary each day, and therefore the plan of determining 


accurately the unconsumed residue was adopted. Either the formality 


of the proceedings, or the fact that the supply was more abundant than 
usual had a psychological effect which led the woman to consume very 
much more food than was her custom—a circumstance not fully realised 
by us till the analyses came to be made. The first day of the balance 
experiment was one, therefore, in which there was a sudden rise in the 
protein intake, associated with an exceptionally large retention of 
nitrogen. On the fifth day there was eome disturbance to digestion, — 
and the conditions were not quite normal. On the 7th day a failure 
of appetite considerably reduced the amount of food taken, and on the 
following day, when the higher consumption was resumed, there was 
again notable retention of — Not only in connection with this 
16—2 
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experiment, but on other occasions when the protein of the diet was 


intentionally increased, we noted a tendency to retain nitrogen which 
appeared to be more marked than is normal. 

A positive result from a balance experiment would have been of 
more significance perhaps if the patient had consumed an amount of 


food more in accordance with her custom. The fact remains however, 


and is of interest, that, in spite of the grave disturbance to protein 


metabolism, a gain of nitrogen to the body is possible in this condition, 


at any rate for a considerable period. 


The exceptionally high consumption of protein during the experiment : 


accounted for the low ratio of Protein- V: Total- V in the urine (Table A). 
This constituted part of the evidence, already discussed, for the en- 
dogenous origin of the Bence-Jones substance. | | 


Other Aspects of Metabolism. In Cases A and C evidence was sought 


as to whether in addition to the Bence-Jones body any simpler complex 
of amino acids was at the same time present, No trace of any 


polypeptide precipitable by ammonium sulphate, nor of any substance 


yielding a biuret reaction could at any time be found in the urine after 
careful removal of the protein by heat coagulation. In Case A, on three 


occasions, at widely separated intervals, 500 c. c. of the fresh urine (after 


removal of protein) were concentrated to 100 c.c, alkalised with sodium 
carbonate, and shaken for two hours with an etherial solution of naph- 
thalin sulpho-chloride. Only minute traces of synthetic derivatives 
could be separated ; no more than could be obtained from normal urine 
under similar circumstances, In Case C a similar observation was made 
with equally negative results. At an earlier stage of our work we 


believed, with Magnus Levy, that the protein of the urine took origin 


directly from the bowel. It seemed of no small interest therefore to test 


the effect of giving predigested protein by the mouth. We intended to 


replace entirely the protein in a days dietary by hydrolised products, to 
test the possibility of demonstrating an intestinal synthesis. As a 


preliminary experiment, on November 5, 1905 (vide Table A)15 grms. 
of the products obtained by digesting casein for one month with Pan- 


creatin Rhenania were given. (It was intended to administer 30 grms., 
but the patient was unable to take more than half of this.) The effect 
upon the protein excretion was practically nil. The realisation of the 
fact that the urinary protein is essentially endogenous in origin robbed 


this type of experiment of the special significance which we supposed 


at the time to be attached to it; but the urine of the day in question 
was tested on the above lines with naphthaline sulphochloride and found 
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to be free from polypeptides and amino acids. The experiment showed 
therefore that there was no failure to metabolise either such amino acids 
as would be liberated by prolonged pancreatic digestion or the polypep- 
tides associated with them. In Case C, on one occasion, 1 grm. of pure 
tyrosine was given by the mouth. Working with a large proportion of 
the whole day's excretion we were unable to demonstrate any trace of 
tyrosine in the urine. 
When the diet was uncontrolled as was, perforce, the case with most 
of our observations, no great importance can be attached to the figures 
of a general analysis of the urine. We made therefore comparatively 
few determinations other than those of protein and total nitrogen. 
‘ Certain results may be given here, however, the general tendency of 


which is to show that if the protein of the urine be wholly left out of 


account, the ratio — remains normal. The indication is that, 


b side by side with the exceptional line of metabolic activity which results 
in the production and excretion of the special — a . 
balanced metabolism continues. 


3 Total Non- — of Method of 

Case and date protein N Nasurea Nom protein N 
A. 19056 
P April 8 6°58 4°80 78 Morner-Sjoquist 

i 5 4-93 

May 28 4°67 

‘ July 1-10 5°20 8°00 75 Folin 

Mixed sample of 10 aay} 

April 0 17°85 17 90 Morner-Sjoquist 

: 1 17°88 16-22 91 

28 8-29 6-68 80 

3 25 8°81 7°20 82 ” > 

N Thus, the ratio falls with diminished total metabolism, and if the : 

| above figures be compared with those given by Folin’, it will be seen 

: that for similar levels of total metabolised nitrogen (Non-protein N in 

: our cases) the relative proportion of urea is of the same order. 


Of some significance is the fact that the excretion of Creatin appears 
to be characteristic of Bence-Jones proteinuria. Evidence was obtained 
with regard to this from Cases A and C only. Estimations of preformed 
ers and of .total creatinine after the dehyrolysis of creatin were 


1 Amer. Journ. Physiol, xm. p. 70. 
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made by Folin’s method. The conversion of the creatin into creatinine 
was secured by heating the urine for five hours in the water _— onal 
mixing it with twice its bulk of normal HCl. : | 


Crestinine “as Creatinine 
A. 1905 | | 
Jan. 14 0-542 0-769 

15 0% 0-224 
B. 1909 
April 1690 
1-555 
1-270 
29 1270 
30 1440 
May 1 1˙470 
Cc. 1910 
Feb. 23 1-460 0618 
0-840 1.461 901 
April 16 0-968 1.220 02 
17 1-096 1-412 0-816 


This exoretion of creatin was not associated with acidosis. ‘Ad ho Wore 
substances detected in the urine. 


Sroriow V. SoME EXPERIMENTS MADE WITH THE BONE-MARROW 
GROWTH AND THE ORGANS OF CASE A; ETC. 


Absence of the protein from the growth and organs. We failed to 
extract either from the myelomatous tissue (of which we had a large 
supply, chiefly from the shafts of the long bones) or from the liver, 

_ kidneys, and intestinal mucosa of Case A any substance with the 
physico-chemical properties of the Bence-Jones protein. As at the time 
the examinations were made we were in possession of most of the facts 
of Section IT, we are not likely to have failed to detect the protein had 
it been present. With some knowledge of the influence of salts upon its 
solubility the substance is less likely to be missed. It seemed possible 
that the protein might be an early product of the autolysis of the 
tissues. The above observations were made upon the fourth day after 
death; but, as the material was upon ice during a greater part of the 
00 which had elapsed, autolysis could not have proceeded very far. 

We therefore placed portions of the above mentioned organs—ground up 

with sand and mixed with chloroform in closed flasks—in the incubator 
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at 35°. The bone-marrow growth was similarly treated, 8 so also 
were mixtures of the growth and organs. In no case could any trace 


of the Bence-Jones substance be detected at any stage of the autolysis. 


Injection of the tumour into animals. Each of three white rats 
received three successive injections of the bone-marrow growth. Each 
injection consisted of about 1 grm. of the growth suspended in normal 
saline, The rats lived for several months. Their urine at no time 


showed the presence of the characteristic protein, and the bone marrow 


was found post mortem to have normal characters. 

Attempt to obtain a precipitin. We injected five rabbits, not with 
urine which was apparently used by Abderhalden and Rostoski, but 
with dialysed solutions of the separated protein. Three of the animals 
were treated with material from Case A,and two with that from Case C. 
Each injection consisted of 10 c.c. of an approximately 2% solution, and 
each rabbit received five injections at intervals of a week. In no case 
did we obtain a precipitin reaction from the serum of the animals thus 
treated, whether it was added to a solution of the protein, or to human 
serum at any dilution. This negative result must not be held to weaken 
the positive evidence obtained by Abderhalden and Rostoski.. The 


amount of material injected by us was very small especially as the 
. injections were intraperitoneal. Moreover we found that anti-human 


serum supplied by the firm of Meister Lucius and Co. gave a definite, 
if slight, reaction with solutions of the protein. But we think the above 
observations show that the pure Bence-Jones — has less power as 
an ee than have serum — 


Snoriox VI. Discussion AND SUMMARY OF RESULTS. 


Much of the evidence which has been supposed to indicate that the 
peculiar behaviour of Bence-Jones protein upon heating may be 
exhibited by various and quite diverse types of protein seems to us 
unsatisfactory. Voit and Salvendi’ state that the urine of their case 
contained material both of the albumen and globulin type though the 
coagulum of the whole was soluble on boiling. As A. Ellinger“ remarks, 
such differentiation cannot be considered as justified when based 
upon precipitation limits alone. Ville and Derrien‘ considered that 
the material examined by them was a histone, though it exhibited the 

loo. eit. 85 2 Loe. cit. 
3 Oppenheimer’s Handbuch, loc. cit. 4 Loe. eit. 
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“thermolability” characteristic of Bence-Jones protein. Their view 


was grounded upon the fact that after dialysis and treatment with very 
dilute hydrochloric acid, the protein became insoluble in ammonia if 


sufficient ammonium chloride were present. We could repeat this 


observation with our material, though the protein, whether judged by 
its analysis, or otherwise, was certainly not a histone in the proper sense 
of the term. The behaviour described is really due to the fact that 
under the influence of very dilute acids the protein undergoes that 
change which T. B. Osborne! has called“ protean” formation, a protean 
being a derivative, standing between the native protein and an acid 


albuminate (metaprotein), which exhibits certain of the properties of a 


histone. 

More difficult to interpret are the results recently published by 
O. T. Williams“. This author considers the material studied by him 
to be mucinoid in nature, probably related to the osseomucoid of Hawke 
and Gies or to the tendomucoid of Loebisch, Chittenden and Gies. 


The case examined was one of undoubted multiple myeloma. The 


urine, which showed the typical heat phenomena, gave, on one out of 
three occasions mentioned, a precipitate with acetic acid in the cold, 
though not on the other occasions. “A specimen,” writes the author, 


“of this precipitate was obtained from 500 cc. of urine, purified, and 


found to contain a carbohydrate radicle and no phosphorus; it is 
therefore shown to be a mucine.” It is not stated what proportion of 
the whole protein present was so precipitated. A slight precipitate on 
adding cold acetic acid has been observed by others“, and by ourselves, 
though the precipitate had no mucinoid characters. It is also not stated 
how the carbohydrate radicle was identified, nor whether it was pro- 
portionately abundant, as in mucins and mucoids. The evidence as 


presented does not seem very strong in support of the presence of a 


mucoid. Our material gave always a well defined, but by no means 


intense Molisch reaction. It was comparable with that given by most 


typical proteins and much weaker than that obtained from mucins or 
egg-albumen. Because of a marked variation in the etherial sulphates 
in the urine (of two days) and because “the Bence-Jones body contains 
loosely combined sulphur” the conclusion was drawn that it might be 
related to the above mentioned connective tissue mucoids. The force 


1 Zeit. physiol. Chem. xxxut. p. 225. 1901, Journ. Amer. Chem, Soc. xxv. p. 28. 1902, 
The Vegetable Proteins (Longmans, London), p. 87. c 

* Biochem. Journ. v. p. 225. 1910. 

Cf. Abderhalden and Rostoski, loc. cit. p. 129. 
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of the evidence is elusive, since all typical proteins contain cystine and 


therefore loosely bound sulphur. 


“On February 18th from 500 c.c. of urine 0°4 grams of the protein 
were obtained in a pure condition. It contained 10°5°/, of sulphur. On 
March 2nd, 03 grams of protein were obtained, and it contained only 
0°55 % of sulphur.” These results show certainly an extraordinarily wide 
variation in the sulphur, and the higher figure is a most remarkable one, 
indicating a much greater proportion of this element than exists in any 
known protein or albuminoid, not excepting the keratines. The ex- 
ceedingly small amount of material available however can hardly have 
permitted accuracy in analysis. It will be seen from the figures given 
in Section III that the sulphur determinations in all our cases were 
identical within the limits of experimental error, the results showing an 
average of 1°18°/,. As regards possible daily variations we can offer the 


following negative evidence. We happened to possess the protein 


separated from two individual days’ excretion in the case of the woman 
patient (Case A), and since the appearance of Owen’s paper we 
have determined the sulphur in each of these samples, 1°5 grams of 
material being employed in each case. The protein of March 20th, 1905, 


gave 122% and that of April 16th, 1906, gave 1:18°/,. It is of course 


possible that the body excreted by Owen’s patient was different from 


that described by ourselves and others, but we must confess that the 


evidence given to award it a place among the mucoids does not seem 
very strong. 

The general characters of the protein excreted in our cases agreed 
with the descriptions given of the substance as found in the majority of 
other cases. In its native condition it resembled an albumen more 
nearly than any other type of protein, though the special relations 
between its heat coagulum and salts stamp it as different from any 
known albumen. 

We have given the evidence on which is based our belief that it 
was identical in all three cases. Strictly speaking it is, for the most 
part, evidence showing only that the average material excreted was the 
same; because perforce the protein had to be accumulated for analysis 
from the urine of long periods. But we could find no evidence of any 
variation in one period as compared to another, and, considering that the 
material was collected under conditions and for periods controlled 
entirely by chance, the very fact that the accumulated excretion of three 
diverse individuals was similar is against the likelihood of its varying 
from day to day in any one. As the individuals concerned differed in 
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sex, in the acuteness of their disorder, in the grade of their 1 


and in other particulars, the cases could not well be more diverse, and 
we believe that the same protein will prove to be characteristic of, at 
any rate, a large group of the cases which exhibit the condition. But 
Abderhalden and Rostoski obtained from the protein analysed by 
them yields of the various amino-acids so strikingly different from ours 
that there can be little doubt that they were handling different material. 
They worked it is trae under the disadvantage of a very limited supply 
of material, the whole analysis being made upon 75 grams of protein’. 


But neither this fact, nor the differences in the methods used, could 


account for the variation in the results. They found for instance only 
15% phenylalanine and 17% tyrosine, while we obtained (as an 
average from two cases) 482% and 418% respectively. It is not, we 
believe, unimportant to remember that Abderbalden and Rostoski's 
case was one exhibiting parenchymatous nephritis. Abundant epithelial, 
granular, and hyaline casts had been present in the urine, and, post 
mortem, chronic nephritis was revealed. Casts and blood proteins were 
always absent from the urine of our cases, and the necropsy of Case A, 
the only one examined, showed no nephritis. Though, as the above 
authors point out, the material analysed by them was wholly soluble on 
boiling, we think that cases in which nephritis is present should, in 
studies of the excretion, be distinguished from those in which it is not. 

We are still unfortunately without any real information as to the 


source of the protein, and there are no facts yet available to explain the 


association of its excretion with myelomatosis. Any discussion of the 
matter can only be based upon hypothesis. 

Magnus Levy’s view that it arises from perverted or denne 
intestinal synthesis was entirely plausible until evidence had accumu- 
lated to show that it was essentially an endogenous product. If we 
are right in supposing that the protein is, in typical cases, a uniform 
substance (not necessarily, be it understood, a chemical individual), 
identical in all such cases, the view is suggested (though not estab- 
lished) that it arises in the body from some individual tissue. Its 
exceptional characters and special associations suggest further that 


it takes origin from an abnormal tissue—the neoplasm in the bone 


marrow. This view, which has been more than once advanced, receives 
perhaps some support from the observations mentioned in Section IV, 
which suggest that the production of the protein goes on as it were in 


(nachwatsen) the: presence of she various amino ‘acids conowned. 
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a & water-tight ‘compartment in metabolism, accompanied by a general 


nitrogenous metabolism which is normal. But the special physico- 
chemical characters of the substance might depend upon a com- 


_ paratively slight and superficial modification in the molecule of a 


normal tissue-protein, and the metabolic relations just mentioned may 
receive other interpretations. Its origin from the myeloma would be 
more probable if it could be demonstrated to be uniformly present in 
the diseased marrow after death. In Case A, as stated in Section V, 
we were quite unable to discover it either in the growth or elsewhere in 
the body. Some probability for its origin from the growth would exist 
could it be shown that the balance of amino-acids in its molecule was 
quite different from that of any normal tissue protein. But although 


our own determinations indicate that it differs in this respect from any 


protein yet analysed the available data are not sufficient to decide the 
matter. 

There are certainly grave difficulties associated with viewing it as 
a mere metabolite of the growth’. Magnus Levy pointed out that 
the large amounts excreted would call for an extraordinarily intense 


protein metabolism on the part of the cellular constituents of the 


neoplasm. This consideration does not perhaps apply with entire 
cogency to the circumstances of Case A of this paper, in which the 
amount of diseased tissue was, at death, proportionately very great. 
But even in this case it must be remembered that the tissue was 
largely fatty, and the actual mass of its protoplasmic elements would 
be but a small fraction of that of the normal tissues of the body, though 
the protein nitrogen amounted to a third of the whole nitrogenous © 
excretion. Moreover, as was shown in Section IV, the amount of 


urinary protein found was as high early in the history of the case 


as it was much later, when, to judge from the greatly increased bone 
deformation, the amount of growth must have greatly and actively 
increased. If we might judge from our three cases alone the amount 
of protein would seem to be far more nearly proportionate to the grade 


of general metabolism than to the amount of growth present. The 


view that it arises from the growth has been brought forward by more 
than one writer, and therefore we have discussed it. But if it once 


1 It is not altogether fanciful to suppose that the protein might itself be related to 
precipitin formation. Conceivably a foreign protein produced by the growth might act 
as an antigen and call forth precipitin formation in the tissues. The special features in 
of remaining in the body. 
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becomes fully established that an identical substance may be excreted 
in conditions from which myelomatous growth is absent, in Osteomalacea 
for instance, any possibility of its being a specific metabolite of a specific 
_ pathological tissue will of course disappear. 

Fr. N. Schulz long ago suggested that the Bence-Jones protein 
might prove to be related to globin, and the importance of the bone 
marrow in hemoglobin formation commends such a view to the 
attention. We know of course nothing about the quantitative con- 
stitution of the protein of human blood-pigment. If we compare the 
analysis of the globin of horse-hemoglobin made by Fischer and 
Abderhalden* with ours of the urinary protein, we find some 


resemblances; but any close relation is at once negatived by the high 


content of histidin in the former (10°96°/,). Owen's suggestion that 


the protein is derived from bone and tendon is interesting, but seems 


to us, as we have said, quite insufficiently supported by the evidence 
offered by him. If the protein really arises from any individual tissue, 


ttzhbe large amount which may be excreted suggests the muscles as its 
source; and the fact that our cases excreted creatin, gives (if we accept 


current views) a certain amount of support to this suggestion. 


An assumption which has much to justify it, and which has stimu- 


lated productive research in connection with the congenital anomalies 


of metabolism, is that which look upon any unusual excretive as 


being, not a product wholly foreign to the body, but rather a product 
due to an arrest in the normal processes, If it were possible to view 
the excretion of Bence-Jones protein from this standpoint—to look 


upon its appearance in the urine as due to a failure at a higher level J 
in the metabolic series than that which leads to such conditions as 


cystinuria or alkaptonuria, we might arrive at the conception that it is 
a token of an interruption in the normal autolytic processes in a tissue. 
This interruption might be due either to the positive influence of a 


toxine from the growth, or to the loss of some . . of the | 


marrow. 


Our general results may be summarised as e 
The characteristic solubility at 100° of the heat-coagulated protein, 


is due to the influence of associated substances, in 285 to that of 


electrolytes, in solution. 


1 Zeitsch. F. physiol. Chem. xxrv. p49, 1898. 
2 ib. XXXVI. p. 268. 1902. 
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The solvent power of à salt in neutral solution rises with increase 


of valency in either its acid or basic constituent. Solution is probably 


due to the formation of a molecular compound between protein and 
salt which is more stable at temperatures near 100° than at lower 


temperatures, 


In solutions which are acid or alkaline the solvent influence of salts 
is complicated by the effect of ionic charges on the charged colloid 
particles of the protein. Ions with a charge opposite to that of the 


particle exert an aggregative effect in accordance with Hardy’s rule. 


A salt, therefore, yielding a polyvalent ion of sign opposed to the 
sign of the particle exhibits in acid or alkaline solutions a marked 
diminution in the solvent power which it displays in neutral solution 
where the particles are uncharged. But as the tendency to molecular 
association increases with temperature and with salt-concentration 
more rapidly than the ionic effect, such a coagulative salt may never- 
theless dissolve the protein at 100°. 

With increase of valency in the acid or basic constituent of a salt 
the solvent capacity shows also a greater relative increase than does the 
ionic, aggregative (coagulative) power. 

Salts are graded similarly in their solvent capacity for the Bence- 
Jones protein at 100° and for globulins at ordinary temperatures. The 
essential difference is found in the temperature relation. It is because 


the stability of its compounds with neutral salts increases rapidly with 


temperature that the case of the Bence-Jones substance is special among 
proteins. This property makes it easy in the case of this substance to 
bring to light two relations between salt and protein in solution—the 
relation of the ions to the colloid particle (qua particle) and that of the 
salt as a whole to the protein molecule. 


A comparison of the amino-acid yield strongly suggests that the 


protein in two cases examined was identical, and the general characters, 


elementary analysis, etc., of the protein of the third case also suggest 
its identity with that of the others. 

The Bence-Jones protein contains all the amino acids characteristic 
of a typical protein, and is itself characterised by containing a high 
proportion of the aromatic groupings. 

No protein having the peculiar characters of the excreted substance 
could be detected in the growth or tissues of Case A (the spleen and 
muscles were not examined). Rats could not be infected by intro- 
peritoneal injection of the growth. 
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The urinary protein was found to be less powerful than serum 
proteins as a precipitinogen ; but its solutions reacted slightly with an 
anti-human serum. 

The three individuals whose cases form the material of this paper 
differed greatly in the grade of their total metabolism. The amount of 
protein excreted was proportionate to the amount of metabolism rather 
than to any other factor. The protein-nitrogen, when the diet was 


uncontrolled, amounted to nearly one-third of the total nitrogen 


excreted. | | 
A study of the metabolism (prolonged in one case), and of the 
- effects of diet, indicates that the protein is of endogenous origin. 


: The expenses of this Research were in part defrayed by a grant from the Government 


Grant Committee of the Royal Society. | 
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ON THE REPLACEMENT OF CALCIUM IN CERTAIN 


NEURO-MUSCULAR MECHANISMS BY ALLIED 
SUBSTANCES'. Br GEORGE RALPH MINES, Fellow 
of Sidney Sussex College, Cambridge. 


(From the Physiological Laboratory, Cambridge) 


I HAVE elsewhere suggested that the most promising way of attack- 
ing the problem of how this or that ion serves its peculiar role in a 
living tissue is to discover how far it can be replaced by other ions and 
what are the physical and chemical relations of those found to be 
effective substitutes. 

The enormous physiological importance of calcium lends especial 
interest to the enquiry as to how far it may be replaced by its con- 


Of the metals in the second group of the periodic classification, the 
ions of calcium, strontium and barium in the first series and of magnesium 
alone in the second series are available for the comparative study of 


their action on living tissues. Radium salts in a state approaching 
purity are unobtainable in sufficient amount, while the remaining 


elements in the group, beryllium, zinc, cadmium and mercury, yield 
solutions which owing to hydrolytic dissociation are acid in reaction. 
The profound influence of the hydrogen ion on the behaviour of 


a living cells renders futile the comparison of solutions of different 


reaction as a means of getting at the influence of other differences in 
their composition, while if both solutions are rendered equally acid the 
difficulty remains that the acid produces of itself a rapid deleterious 
effect on the tissue. — 

The answers to many qhestions which arise in the enquiry as 1 to 


) physiological relations between calcium, strontium and barium wave 


been given by the classical researches of Ringer. 
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I wish here to place on record some new observations which emphasise 
the fuct, realised by him, that in their physiological, as in their physical 
and chemical relations, a gradation of properties may be recognized in 
the series calcium, strontium and barium. At the same time certain 
resemblances and differences in the action of magnesium will receive 
attention. 

The experiments described in this paper were made on Rang 

ACTION ON SKELETAL MUSCLE. 


The action of the chlorides or nitrates of the metals have been 
compared by adding equivalent amounts to a basis of sodium or lithium 
chloride of about one-eighth molecular concentration. These solutions I 
have applied to the muscles either by direct immersion or by perfusion 
through the blood vessels. a | | | 


Action on the spontaneous twitches of muscles in sodium or 
lithium chloride solution. | 

It is well known that the rhythmic twitches which affect muscles in 
sodium or lithium chloride solution are quickly inhibited by the addition 
of a small concentration of a soluble calcium salt. A strontium salt has 
usually the same effect, while barium at first causes a very great 
exaggeration of the movements. In the course of 22 experiments in 
which the hind limbs of frogs were perfused first with sodium or lithium 
chloride solution and then with the same solution plus a small concen- 
tration of a strontium salt (0022-0045 Mol.), I observed on four 
occasions that the flickering rhythmic twitches which invariably occurred 
during perfusion with sodium or lithium chloride were not abolished 
when the strontium solution was run through, but on the contrary were 
greatly increased. In one case the solution which increased the twitches _ 
contained sodium chloride and strontium chloride, in two cases sodium 
chloride and strontium nitrate, and in the fourth case lithium chloride 
and strontium chloride. In the remaining 18 experiments the spon- 
taneous movements were at once reduced and nearly always abolished | 
by the strontium solution. ee 

These experiments were made in February and March, 1909. The 
observation is of interest as indicating a bridge between the ordinary 
depressant effect of calcium and strontium, and the primary stimulating 
effect of barium. Under some conditions, at present undefined, but 
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probably ‘concernéd with the stats of nutrition of the animal, the frog’s 


muscles react towards strontium in this particular respect in the same 
way as they reaot towards harium. The resemblance of strontiuni to 
in its physiological action is commonly apparent ; 
cases is tevealéd its resemblance to bariunmn. 
In no ease did I'see the twitches increased by calcium Seay 
(as a primary effect) by barium. in an 
mediate position. 


* Magnesium depresses the 93 a rather greater concentration of 


magnesium than of calcium 


Action on electrical irritability. 


I have shown ina previous paper that the occurrence of an 
twitches in the sartorius is associated with a heightened excitability 


towards galvanic currents of long duration, and that the effects of 
potassium and calcium chlorides in augmenting and diminishing these 


movements run parallel with the alterations these substances _— in 
the excitability towards the form of stimulus mentioned. 

I have compared the action of strontium, barium and magnesium 
chlorides with that of calcium chloride by adding equivalent concentra- 


tions of these substances to the.sodium chloride: solution bathing the 


muscle. As index of changes in the excitability of the muscle I have — 
taken the changes in height of response to a sub-maximal stimulus—a 


method the validity of which I have discussed elsewhere*. The stimuli 


employed were galvanic currents of 15“ duration thrown in at intervals 
of 15”.. They were provided by the use of a mechanical device due to 
Mr Keith Lucas, which he kindly lent me. 

The muscle was placed in fluid electrodes of special form designed 
to obtain accurate localisation of the stimulus in the non-neural region 
of the muscle. The type of electrode which I have found most con- 


venient for this kind of work differs from that figured before’, in that 


the inner tube is not tapered, but cut off square. On the end of this 
tube is cemented a thin disc of celluloid with a slot cut in it through 


which the muscle passes The dimensions of the slot are adapted to 


the particular muscle used and thus the change of current density 
can be * very. . at the point where the muscle 
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_ The addition of strontium chloride in concentration 0022 to 0045 
Mol. (equivalent to 025°/, to 05% calcium chloride) to the sodium 
chloride solution bathing the muscle causes a fall in the excitability 
(Fig. 1) The substitution of a solution containing an equivalent 
concentration of calcium causes a further fall in excitability, while the 
change from the calcium to the strontium-containing solution is marked 
by a slight rise in excitability (Fig. 2). 

It appears that a small concentration of strontium can reduce the 
irritability of the muscle substance of the sartorius towards galvanic 
currents of long duration, though to a less degree than the same 
molecular concentration of calcium. 


Fig.l Fig. 2. 
Beton Sl, 445 Mal ran 
| Stimulation as described in text. 
Fig. 2. Frog’s sartorius treated as described in text. 


Fig. 4. Sartorius. Effect of substituting 
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a Fig. 3. Sartorius. Primary effect of BaCl, on exci tability 
3 Bach, for SrCl, in equivalent concentration 
4 in eighth-normal sodium chloride. 
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Barium chloride under the same conditions causes at first a very 
marked rise in the excitability, The substitution of an equivalent 


concentration of barium for calcium or strontium gives a change more 
_ pronounced than the addition of barium to the plain sodium solution 


(see Figs. 3 and 4). The prolonged action of barium chloride results 
in complete loss of irritability. 5 
Magnesium chloride reduces the excitability of the sartorius in 
sodium chloride solutions (Fig. 5); its:activity in this respect is esd 

slightly inferior to that of calcium (Fig. 6). 


Fig. 5. Fig. 6. 
Fig. 6. Sartorius. 
Fig. 6. Sartorius. Effect of substituting CaCl, for Mg(l, in equivalent concentration. 
0023 Mol, solutions in eighth-normal sodium chloride | 


Antagonism to the potassium contraction, — : 

It is a familiar fact that a muscle on immersion in a elation of a 
potassium salt (of concentration ‘03 M. and upwards) gives a strong con- 
traction, and that this effect is antagonised by the presence in the 
solution of calcium salts. I have examined the relative efficiency of 
Ca, Sr, Ba and Mg in this antagonism, 

This I have done by comparing the contractions of the recti 
abdominis R. and L. of a freshly pithed frog, when immersed in various 
mixtures of eighth-molecular solutions. Each experiment has been 
made twice at least. In order to make the comparisons it is of course 
necessary to choose such proportions of the salts that the contractions 


are not completely inhibited. 


The results are perfectly definite and may be stated in a few 3 
Of the ions under discussion calcium is the most powerful antagonist 


of the potassium contraction. Fig. 7 shows that it is more powerful 


than strontium, Fig. 8 that strontium is more powerful than barium, 
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| Fig. Recti abdominis. ‘The muscles had been soaked in sighth-normel chloride 


for 15 minutes before the experiment. The signal shows the time of immersion in 


the mixtures of eighth-molecular solutions indicated on the tracing. 


u 8. Reoti abdominis. Comparison of fr and Ba in their power 
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Fig. 9. Recti abdominis. Note the 
spontaneous twitches in the muscle immersed in the solution containing barium, 
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while Fig: 9 demonstrates that barium has some inhibitory power. In 
| this respect as in tegard to the effect on electrical irritability magnesium 
| is slightly (but only slightly) less active than calcium (Fig. 10) 


1 “Fig, 10. Reoti abdominis. Comparison of Mg and Ca in antagonism to potassium. 


The irritability of a frog’s sartorius immersed in a solution containing 
f ) about 7 % NaCl and from 025 / to 05% CaCl, usually persists at 
| room temperature (14° C.) for well over three days. If an equivalent 
concentration of BaCl, is substituted for the calcium the irritability 
4 is lost in a few hours. With equivalent concentrations of strontium and 
magnesium the excitability is under ordinary conditions maintained 
almost or quite as long as with calcium. I made a number of experi- 
! ments in which the persistence of excitability in each of a pair of — 4 
immersed in different solutions was compared. More recent work has, 
| however, convinced me that when (as in the experiments with Ca, Sr 
| and Mg) the survival period extends over two or three days, the onset 
of putrefaction is apt to be the limiting factor. Thus, as I showed a 
| 3 year ago}, a muscle kept in Ringer's solution under aseptic conditions 
> may retain its excitability for twenty-one days, while in the same 

solution at the same temperature, in the absence of aseptic precautions, 
excitability never lasts over four days, 
The loss of excitability with onset of ee appears to be due 
7 directly to the destruction by bacteria of some part of the mechanism of 

| the muscle, rather than to the toxic effects of decomposition products, 

Bee 1 found that placing fresh muscles in the fetid solutions in which 
: muscles had been allowed to putrefy for various lengths of time pro- 
ö duced no decided effect on their excitability for the first hour or so. 


1 Proc. Physiol. Soc. p. xvii. This Journal, xu. 1910. 
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Unfortunately I have not, yet succeeded in applying the aseptic 
* to the comparison of durations of excitability in the various 


solutions. The aseptic precautions have in general failed and it seems — : 
probable that, as Horsley showed in mammals, so in frogs the = 8 


tissues in the W usually sterile. 
| 


Locker in 1904 published the very interesting discovery that by 
immersing the sartorius in 7 / NaCl the indirect excitability is lost in 
a short time, and that it can be restored by the addition of calcium or 
strontium to the solution. Overton later obtained similar results, and 
both observers concluded from their experiments that the calcium could 
not be replaced by potassium, magnesium or barium. Locke found that 
calcium could be removed and replaced a number of times with corre- 
sponding abolition and restoration of the indirect excitability. 

The experiments I have made on this subject have been directed to 
test further the question as to whether any substitution of calcium b 
barium or by magnesium is possible, and whether the same relatio 
hold good when lithium instead of sodium chloride forms the basis 
the solution. 


Method. A freshly pithed frog has its heart exposed and is dees. 


ventral surface down, to a thin board in such a manner that the heart 
lies in the middle of a large circular hole cut in the board and is thus 


readily accessible from the other side. (This arrangement was kindly 
suggested by Dr Anderson; it greatly simplifies operations.) Screws 
project from the four corners of the board, both up and down, forming 
legs on which the board can stand. Placing it in the inverted position 
a cannula is tied into the left aorta and the right aorta is tied. The 
rubber tube of narrow bore leading to the cannula is connected to the 
stem of a small glass Y-tube which is fixed to the board by a lump of 
plasticine. A little salt solution is run through at once to avoid clotting 
in the vessels. Reversing the board, the sciatic-nerve is exposed in the 
thigh and a pair of hooked platinum electrodes slipped under it. A pin 


fixes the knee-joint to the board, and by a thread tied to the tendon of | 
Achilles, contractions of the gastrocnemius ai are . a recording 


lever. 


Locke. Centr. f. Phys. p. 166. 
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The solutions were perfused from Mariotte’s bottles at a pressure of 
50 or 60 ems. of water. The sodium chloride solution used contained 
7% NaCl, i. slightly less than one-eighth gram-molecular. During 
the perfusion of this solution there was a gradual diminution in the 


response of the gastrocnemius to stimulation of the sciatic by induction 


shocks. The tests were applied usually once a minute. The time taken 
for complete abolition of the indirect excitability varied greatly in 
different cases, from 14 minutes to over 6 hours. The mean of 33 ex- 
periments in which the disappearance was complete gives the time as 
57 minutes. When responses had ceased for some time the perfusion 
fluid was changed, without interruption of the flow or alteration of the 
pressure, to the mixture whose power of restoring the connection 
between nerve and muscle it was desired to test. As a rule two or three 
trials were made on each preparation. 
On four occasions calcium chloride (05 °/,) was added as a control, in 

each case the return of the contractions was prompt and complete. 

In seven experiments in which strontium chloride was used ne 
results were positive in six cases and negative in one case. 

In six experiments with an equivalent concentration of strontium, 
nitrate, five gave positive results and one was doubtful. 

In eight experiments with barium chloride, five gave positive os 
one negative and two were doubtful. 

In four experiments with magnesium chloride the results were 


entirely negative (Fig. 11). These results together with the results of 


Fig. 1. Contractions of gastrocnemius. Sciatic stimulated once a minute with a 
maximal break induction shock. Blood-vessels perfused with 7% sodium chloride, 
then with thé same’ solution containing 009 Mol. Mg(l,, 0045 Mol. CaCl, and 
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a smaller number of experiments which were made with LiCl (48 
instead of NaC} ¢ 7%) as basis: of the solution thas: 
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strontium the of indirect excitability. i is. usually far less 


prompt and. perfect than with calcium, When barium solutions are 
perfused the tracing is often complicated by the.occurrenée of lively 
spontaneoils movements; these do not, however, obscure the gradual 
return of St to nerve stimulation shh 12 and 13). While 


BG Na 


Fig, 12. Gastrocnemius as before. Bal, 0045 Mol. the 
first arrow are due to the contraction of other muscles. Note the powerful spontaneous 

contractions of the gastrocnemius soon after admission of the BaCl, solution. Along 
with these the gradual return of the responses to indirect excitation is evident. 


Fig, 18. ‘As Fig. 12, but with Lidl instead of NaCl. . 


ments are recorded. 
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perfusion with a barium: solution is continued. the responses gradually 
fall off again and the muscle becomes inexcitable directly as well as 


indirectly, Repeated recrystallisation of the salt did not affect its 


activity. I see no way of investigating the question as to whether this 


betokens any action beyond the familiar action of barium in es 
the irritability of the muscle substance, 

It appears, then, that under favourable ciremmdtances ‘the 8 
which normally plays an essential part in the mechanism of the neuro-. 


museular junction can be replaced by barium as well 18 by strontium. 


Aboriox ON THE HEART, 


The replacement of calcium „ 
the cardio-inhibitory mechanism. 


_ In 1878 Schiff? discovered that by perfusing the frog's bck with 
* % to 7% solution of sodium chloride in distilled water the action 
of the inhibitory mechanism is interfered with, and while the heart 
maintains an enfeebled beat, electrical stimulation either of the vago- 
sympathetic trunk or of the sinus venosus —_ to produce mpeg? or 
even slowing of the rhythm. 

Busquet and Pachon? in a recent paper pets prove that the 
effect is due to the removal of calcium salts, The action of the vagus 
can be restored at once by the addition of a small concentratiqn 
(= 0025 % CaCl,) of any calcium salt to the perfusion fluid, Busquet 


and Pachon claim that this property of calcium salts is absolutely 


specific and that no replacement by the salts of other metals is possible, 
They obtained negative results with a large number of substances 
including the chlorides of potassium, magnesium, strontium and barium, 

The facts which I have adduced with regard to the similarity in the 
action of the alkaline earths on the muscles of the frog, particularly as 
to the part played in the transmission of the impulse from nerve to 


- skeletal muscle, together with Ringer’s* demonstration of the very 


perfect ‘substitution of calcium by strontium possible so far as the 
beating of the heart is concerned, seemed to me to demand an ex- 
perimental criticism of the statement that calcium in its relation to 


the vagus action can be replaced by no other substance, — 


1 Journ. de Phys, et de Path. générale, x1, e G 
1883. 
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My experiments have been made on large male specimens of Rana 


temporaria. The procedure was very similar to that employed by 
Busquet and Pachon, but in all cases a graphic record was taken. 
‘A cannula was tied into the inferior vena cava, the aorte were cut to 
allow escape of fluid, and a fine hook placed in the tip of the ventricle — 
was connected by a thread to a light lever. As a rule the induction 
currents used as stimuli were applied to the vago-sympathetic trunk, 


in some cases the sinus venosus was stimulated directly. The action 


of the inhibitory apparatus was tested with a weak tetanising current 


before perfusion started. Then an eighth-normal solution of sodium 
chloride in glass-distilled water was run through and stimuli applied 


from time to time. These preliminary tests were made as short as 


possible to avoid fatigue of the inhibitory apparatus. After a variable 


interval the heart, beating feebly owing to the removal of calcium, 
remained unaffected even on strong stimulation of the vagus. The 
solution to be tested was then run through, care being taken to avoid 
any change in pressure. When the heart had become even in its 
rhythm, the vagus or the sinus was again stimulated from time to time 
with a strength of current the same as that which before —— no 
effect. 

Strontium. The salts used were the chloride and the nitrate. The 
addition of about 001 M. of either salt to the sodium chloride solution 
_ perfusing the heart causes a marked rise in tone, great improvement in 
strength and slowing of the beat. If the concentration of strontium is 


raised to 0025 M. the beat is apt to become irregular. A return of 


vagus control was observed in seven out of nine 1 in which 
1 vago-syinpathetic was stimulated. 


In two experiments in which the sinus was stimulated directly, 


inhibition, which had been abolished by perfusion with sodium chloride 
— was restored on the addition of strontium chloride. 

In order to demonstrate the effect it is desirable to allow the 
n with the strontium salt to continue for several minutes before 


testing; the heart beat may become strong and regular under the 


influence of strontium before it is — to set the nnen, 
in operation. 


It appears that the action of the cardiosinhibitory mechanism is 


eal less quickly and perhaps less completely by ‘strontium: than 
by calcium, but there is no doubt that under frourable conditions the 
substitution is effective. 


The strontium chloride employed was certified by the 1 
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as being thrice recrystallised, but in order to test the possibility that 
the effect of the substance was due to contamination with calcium salts 
I recrystallised a portion by cooling a hot saturated solution, dried the 
crystals with a filter pump and repeated the operations. Experiments 
made with this purified specimen gave positive results indistinguishable 
from those obtained with the original substance. 


Fig. 14. a. not perfused. b. after 18 minutes’ perfusion with NaCl. c. after 9 minutes’ 
perfusion with 001 Mol. SrCl, in NaCl. d. after 16 minutes’ perfusion with same 
solution. The signal indicates stimulation of left vago-sympathetic. The lowest line 
marks the time in minutes. 


Fig. 14 is taken from the record of one of the experiments with the 
repurified strontium chloride, Fig. 15 from an experiment with strontium 
nitrate. 

Barium. The addition of even so small an amount as 00007 Mol. 
barium chloride to the sodium chloride solution perfusing the heart was 
found to increase the tone and diminish the amplitude of the beats, 
while with a concentration of 0005 Mol. the effect was very marked. 
During the perfusion with the barium solution the beats become pro- 
gressively weaker and the tone very gradually falls off. In six 
experiments with barium chloride in which the vago-sympathetic was 
stimulated, one alone gave definite evidence of the restoration of the 
cardio-inhibitory function ; portions of the record of this experiment are 
reproduced in Fig. 16. in five experiments in which the sinus was 
stimulated, one gave a positive result. The power of barium to replace 
calcium in respect of the cardio-inhibitory mechanism is: ‘undoubtedly 
very limited: yet it cannot be held to be entirely wanting. 

Magnesium. The action of salts of magnesium on the heart stands 
quite apart from that of the salts of the three metals calcium, strontium 
and barium. The addition of small concentrations of magnesium to the 
sodium chloride perfusion fluid produces no evident effect on the heart 
beat, while larger concentrations hasten the diastolic arrest. In no cage 
is there seen any trace of the 
action of the calcium group. | 
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* experiments with magnesium entirely confirm those of Busquet 


and Pachon. Neither towards stimulation of vago-sympathetic trunk 
or of sinus is there any restoration’ of ‘cardio-inhibitory function by 


magnesium after it has been lost by perfusion with sodium chloride. 
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The divergence of my results with Sr and Ba from those of Busquet 
and Pachon is, I think, due to the fact that we used slightly different 
concentrations of sodium chloride. Busqu et and Pachon used a 6 
solution while I used *125 Mol. de. 73 . 

Schiff discovered that the vagus action, abolished by 5 / or 7 75 
NaCl, was restored by perfusion with 1% NaCl. : It may be that the 

78% solution is more favourable’ to the manifestation of recovery 

sds . strontium and barium salts than the 6 % e 


SUMMARY AND 


Gen strontium and barium show a 3 of ae! 
activity in relation to certain neuro- muscular mechanisms in the frog. 
This gradation appears (1) in their influence on the spontaneous move - 
ments of skeletal muscles immersed in solutions of sodium or lithium 
salts, (2) in their influence on the excitability of skeletal muscle towards 
electric currents of long duration, (3) in their relative powers of 
antagonising the contraction elicited from skeletal muscle by potassium _ 
salts, (4) in their effect on the tone of cardiac muscle, (5) in their 
capacity to facilitate the transmission of excitation from nerve into 
muscle, whether it be the motor nerve of skeletal muscle or the 
inhibitory nerve of the heart. 

In the first three respects magnesium behaves very much like 
calcium, to which it is slightly inferior in its activity; in regard to its 
action on the heart magnesium stands quite apart from calcium, 
strontium and barium and it is totally unable to replace these sub- 
stances in the cardio-inhibitory mechanism or in the skeletal neuro- 

muscular junction. 

These facts clearly show that in its action on diverse tissues of the 
same animal, different qualities of a particular ion may be of predominant 
importance, Thus for instance in their antagonism to the action of 
potassium on skeletal muscle it is possible that the ions under considera- 
tion act as di-valent kations, in virtue of the double positive electric 
charge carried by each; the activity being modified within the group by 
some other factor which changes progressively as the series is ascended, 
a factor in this instance of subordinate importance. In their action on 
cardiac muscle and in the neuro-muscular junctions it is abundantly 
clear that it is not their electric charge which essentially determines the 
behaviour of these kations. The sharp contrast which obtains between 
= on the one hand, and avenge strontium and barium on the 
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other, rather suggests that some chemical property lies at the root of 


this difference. Calcium, atrontium and barium may euter into com- 
bination with some constituent of the last-named tissues in a manner in 


which magnesium cannot. Purely as an analogy we may refer to the 


difference in the behaviour of solutions of magnesium, and of calcium, 
strontium or barium in the presence of the SO, ion. Magnesium 


sulphate is extremely soluble, while but a small concentration of calcium 


is needed to precipitate calcium: sulphate, less of strontium to pre- 
crprtate strontium: sulphgte,and of barium only an infinitesimal trace to 
throw down the very insoluble barium sulphate. This analogy at once 
suggests a rational explanation of the poisonous action of barium in low 
concentration, which marks it off from calcium and strontium. It well 
may be that with some cell constituent, barium forms a compound 
analogous in composition to the calcium and the strontium compounds 
but, unlike them, practically irreversible owing to its great insolubility. 
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‘THE THYMUS AND SEXUAL ORGANS. III. THEIR 
RELATIONSHIP TO THE GROWTH OF THE 
‘ANIMAL. By D. NOEL PATON. | 


Prom u. Departmen University of Glasgow.) 


I. MAI 


Is 1904-05: I alae out some investigations on the functions of the 
thymus in the guinea-pig, an animal from which the organ can be 
easily removed. I then came to the conclusions: Ist, that removal of 
the thymus has no influence on the rate of growth of the animal; 
2nd, that it is accompanied by a more rapid development of the testes 
before sexual maturity is approached; and 8rd, that after this period, the 
growth of the testes is uninfluenced by the removal of the thymus. 
Henderson“ had previously shown that in castrated cattle and guinea- 
pigs the thymus attains a greater size than in uncastrated animals. 
I suggested that there is a reciprocal action between these organs and 
that the thymus exercises an inhibitory influence on the growth of the 
In discussing my previous results with Dr Cathcart he suggested 
that the more rapid development of the testes in young animals after 
removal of the thymus might indicate that the two organs had a similar 
_ stimulating influence upon the growth of the animal and that each 
might compensate for the removal of the other by undergoing hyper- 
trophy. Such a view would also explain the large size of the thymus 
in castrated animals. To test this theory experiments have now been 
performed in which both thymus and testes have been removed from 
very young guinea-pigs and the rate of growth of these animals com- 


_ pared with that of normal animals. In order to check the results 


obtained, the effect of simple castration and of simple removal of 
the thymus on the rate of growth has also been studied. These 


1 This Journal, xxxt. p. 49. R 1904. 
ib. XxXI. p. 221. 1904. 
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268 PATON. 
experiments have further afforded material for checking and extending 


the results of my previous observations. The experiments were carried 
out between September 1909 and October 1910. 


A. The influence of thymus extraction on the growth of the 
testes in sexually immature guinea-pigs. 5 
In my previous investigations I found that the average weight of 7 
the testes and epididymes (after removal of the vasa deferentia and 
the fat lobules attached to the testes) of six normal guinea-pigs between 
125 and 200 grms. (of an average weight of 152 grms.) to be 0°18 grm., 
and that of thymusless animals to be 0°23 grm. 0 
From these results and from the further observation that the 
average weight of testes in 14 normal animals between 200 and 300 
grins. was 0°60 grm. while in 16 thymusless animals of the same weight 
it was 0°88 grm., I drew the conclusion that in the immature animal 
the presence of the thymus inhibits the growth of the testicles. 
In the present series of experiments the testes were removed from 
38 young guinea-pigs of between 70 and 200 grms. (see Appendix). 
And thus material is afforded for checking the accuracy of my previous 
average of the weight of testes in these young animals. The thymus 
was removed from 42 animals’. The results are shown in Table I. 


TABLE I. 
Weight of thymus in grms, Weight of testes in grms. 
Between 60 & 80 (6 Wr 096 187 
„ 10% 16 (e) 128 1380 
„ 101 K 10 (18) 0-19 17 (14) 148 126 
„ III 140 (9) 0-237 17 (6) 168 1% 
„ 1418220 (8) 0˙24 18 (10) 197 116 


Taking the 18 guinea-pigs between 120 and 200 grins, animals of 
a weight corresponding to that of the animals dealt with in my previous 
experiments, the results were : | 


verage weight 
weicht — ; testes in — 
144 0°177 


as against 0°18 in my previous observations. 
* As the present investigation does not concern specially the size of the thymus, : 


individual weighings are not given in the Appendix (p. 289). 
Throughout the paper weights are given in grms. and fractions of grms. _ 
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Since the object of the present series of experiments was to study 
the influence of removal of the organs on the growth of the guinea- 
pigs, none of the thymusless animals were killed while still under 
200 grms. They were all allowed to live till they reached 300 grms.— 
the usual size at which sexual maturity is approached. But the close 
correspondence in the weight of testes of normal guinea-pigs in the 


present and in the former series of observations strengthens the prob- 


ability that a satisfactory average result was obtained from the six 
thymusless animals previously examined, and that the conclusion that 
the weight of testes in these animals was about 27 per cent. more than 
that of normal animals was justified. 

Soli! has challenged the accuracy of my results. His criticism 
however is invalid since in his series of experiments only two of the 
pairs of guinea-pigs examined were killed before sexual maturity was 
reached. The others were killed when weighing between 480 and 
680 grms. His further criticism that my results were vitiated by my 
experiments being done in summer, the season of sexual activity, is 
also beside the mark since my observations were made upon sexually 
immature animals. | 

Soli bases his contention that removal of the thymus is followed 


not by increased but by decreased growth of the testes mainly on his 


experiments on fowls, in which the thymus is a permanent structure. 
At first sight his results seem fairly conclusive, but a closer analysis of 
his records shows that further experiments are required before the 
conclusion which he reached is justified. In his 16 experiments, in 
each of which the size of the testes in a we doers bird is compared 
with that in a normal bird, we find 

(1) In three no marked change. 

(2) In two a greater weight of testes in the thymusless animal 


than in the normal (on an average 75 p.c. more). 


(3) In 11 a less weight of testes. 

(a) Of these 11, six showed a smaller gain in the weight of the 
animal without the thymus, 1.6. the nutrition of the body was less 
perfect, and the smaller weight of testes may be thus explained. 

(b) Of these 11, four showed an equal or greater increase in the 
weight of the thymusless bird, and a less weight of testes (an average 
70 p.c. less—excluding No. 5). (In No. 16 the rate of growth is not 
recorded.) | 


Gott ele Funsons det Tino, Molen, 1900 (ad Arh, de 


v. 858, 1909). 
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Thus, five showed greater growth of testes in the thymusless animal 
or no marked difference between thymusless and normal animals. 

Six showed reduced rate of growth and decreased size of testes in 
thymusless animals. Since the state of nutrition might determine the 
size of the testes, these six experiments should be excluded. 

Four showed greater growth of body weight but — testes in 
the thymusless animals. 

Such results cannot be considered as conclusive. — 

Hart and Nordmann! state that in dogs removal of the 1 
caused delayed growth and prevented the onset of sexual maturity. 
The animals died within a year with dilatation of ventricles of the 
heart and atrophy of their walls. The marked disturbances caused by 
the removal of the intra-thoracic thymus in the dog must be taken 
into account in considering these results. 


B. Removal of the thymus has no effect wpon the size of 
the testes in guinea-pigs above 300 grms. 
The present series of observations gives further corroboration to 
the eonclusion, entirely ignored by Soli, that “Above 300 grms. the 
growth of the testes must be independent of the thymus,” and that 
“the difference between the weight of the organs in thymusless and 
normal animals is no longer manifest” (loc. cit. p. 30). 
In the present series of observations 21 normal guinea-pigs and 
7 from which the thymus had been removed at an early age were 
killed at from 295 to 310 grms. The average weight of the testes was 
grms. 


Soli’s guinea-pigs as pairs) were killed at from 480 to 680 grms., 
at a period when the thymus was atrophic, and no conclusions as to its 
influence upon the testes can be drawn from them (loc. cit. p. 113). 
His results merely confirm my conclusions. 


C. %% ĩ ͤ 
upon the rate of growth of the guinea-pig. 


Tn investigating the influence of various factors upon the rate of 
on of guinea-pigs, the difficulty arises that the rate varies pened 


1 Berl, klin. Wochsch, 1910, p. 816. 
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greatly in different individuals even of the same stock and kept under 
similar conditions’. 

To eliminate this disturbing factor, in each experiment a con- 


_ siderable number of animals were dealt with to give a fair average, 


and the animals used for operation and as checks were selected from 
the same batch when received in the laboratory and were kept 
throughout under precisely the same conditions, each lot being kept 
in a separate large space in which the animals had plenty of room. 
All were fed upon bran, oats and turnips. The small number of 
deaths. shows that the conditions under which the animals lived were 


| satisfactory. 


The effect of removal of thymus and testes was studied in 36 
animals, 16 of which 18 the oo removed, aod ax were kept as 


checks. 


Lot I. Jan. 1910. In three months (90 days). 
Two operated animals grew from 135 to 260 grms. 125 grms. gain= 920% 


Three check 57 126 to 808 177 55 140% 
| TABLE II. | 
Checks Less thymus & testes 
“Initial W. End W. Initial W. End W. 
105 2958 110 275 
120 320 
Average 126 808 135 260 


Lot II. May 1910. In two months (60 days). 
Two operated animals grew from 177 to 272 grms. 95°grms. gain = 58 % 


Five check 189 to 348 „ 159 = 83°, 
TABLE III. 
Checks | Less thymus & testes 
Initial W. Ed W. Initial W. End W. 
175 235 30 
135 390 135 245 
175 295 


Average 189 


1 See Minot, This Journal, XII. p. 197. 1891. 
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Lot III. Oct. 1910. In 64 days, when the first reached 300 grms.— — 7 
Seven operated animals grew from 126 to 216 grms. 91 grms. gain= 72%, 
pe check 122 to 264 rT) 142 ” 99 


TABLE IV. 
Checks Castrated 
End W. initial W. 
800 125 
270 125 
820 110 
140 310 146 
| 
260 
170 
264 


185 

160 

100 

Average 122 

The result may be tested in another way. . 

Of the 14 animals under observation starting between 110 and 

160 grms. the weight of 300 grms. was reached in eight weeks or less by 
Normal „ „„ 


Lot IV. Sep. 1909. In ten’ guinea-pigs five of which had thymus and testes removed 
in September 1909 the following results were obtained. 
In 80 days | 
Five operated animals grew from 184 to 199 grms. Gain 66 grms. or 48% 
” check ” * ” 162 to 282 * ” 120 . 4%, 


8882882281 
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180 
110 


Average 162 


End 
280 
3980 
175 280 185 180 
300 
220 
282 


In six weeks there reached 300 grms.— 


Animals less thymus and testes ... 1 of 5 
These results indicate that simultaneous removal of thymus 


and testes in very young guinea-pigs checks the growth of 
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That this is not due to the shock of the operation is shown by a study 
of the curve of growth. Chart I shows this in Lot IV, the checks 
being indicated by the broken line. 


Check? 


} 


CHART T 
? 


— 
— 
7 
— 
2 


"(Days 7 7 7 * 


The initial rate of growth is much the same in checks and in animals 
operated upon and the difference is most marked when the animals have 
reached a weight of over 200 grms. 

An attempt has been made to study the question of whether there is 
any relationship between the rate of growth and the size of the testes 
and thymus. 


groups. 
A. Those which attained 800 grms. in less than 14 month (4 animals). 


B. 1 1 between Iz and 24 months (6 animals). 
0. „ and 33 months 
The average etn were: 
A. 4 1°27 4 0°39 
B. 6 101 3 0°28 
O. 11 101 7 0-61 


9 Group C the weight of one thymus i is omitted as it was quite 


abnormally 0°54 grm. 
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There thus seems to be some indication of a direct relationship 
between the rate of growth and the size of the testes and thymus. 
But what the nature of this relationship is cannot be definitely de- 
termined. It may be that in the better nourished and more rapidly 
growing animals the testes and thymus share in the rapid growth. It 
is suggested by the results of removal of these organs that their greater 
development may react upon the growth of the animal. 


To ascertain how far simple removal of the testes on the one hand and 


of the thymus on the other modifies the rate of growth the * 5 


experiments were performed. 


D. 88 


This was studied in four guinea pigs along with four checks. The 
influence of castration in increasing the weight of adult animals is of 


course well known. The present investigation is concerned with its 
effect on the rate of growth of sexually immature animals. 


Taking the date at which the first animal reached 300 grms., 68 days, 


— 


TABLE VI. 
Checks Testes removed | 
Initial W. End W. ‘Initial W. End W. 
110 225 150 280 
66 100 215 


85 295 170 315 

135 280 147 815 

Average 110 241 1 281 
181 


Increase 189 


| 


and thymus : 
Checks gained VVV 
Castrated animals gained . 90 grms. 
The weight of 800 grms. was reached in 72 days or less by: 
Castrated ... | 
Removal of the testes, the 98 being intact, seems to . no 
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E. The influence of removal of the thymus on growth. — 
Dr Goodall and I (loc. cit. p. 54) came to the conclusion from two 
experiments that removal of the thymus has no influence on the growth 
of the animal. Lucien and Parisot (C. R. Soc. biol. t. 65. 1908, p. 264) 
found that in young rabbits (sex unstated) removal of the boing 

delays growth for some time. N 
3 The following observations have now been made on the rate of growth 
1 of six thymusless and three check guinea-pigs during 54 885 (Table 


TABLE VII A 
Initial W. Aer SAdays ‘Initial W. Ader 64 days 
180 210 115 
116 180 | 95 
10 


3 


Genn gems, or 61%, gems. 


| TABLE VII B. 

“Initial W. Aer days: 
180 200 
115 242 


> 


154 
‘The weight of 800 was reached fn 107 days by 


Checks se. eee aee of 3. 
Thymusless 


1 ‘Removal of the thymus, the testes being intact, seems generally to 
have little or no influence on the rate of growth of guinea-pigs. 
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The history of one animal from which the thymus was removed is of 
interest. The removal was done on Oct. 12th when the animal weighed 


95 grms, Although active and apparently healthy, by Jan. 23rd (after 
about 34 months—103 days) it weighed only 160 grms., and had thus 
gained only 65 grms. After this its weight fell and on Feb. 8th (nearly 
four months after the operation) it weighed 125 grms. and was obviously 
ill. It was then killed by chloroform and the testes found to weigh only 
0-12 grm.—the average weight of the testes of a guinea-pig of about 


a fortnight: or three weeks of age. The question here arises, was the 


small size of the testes the result of malnutrition or was the checked 
growth the result of the want of compensatory hypertrophy of the testes 
after removal of the thymus? The perfect health in which the animal 
appeared to be till Jan. 23rd seems to negative the former conclusion. 
Microscopic examination of the testes showed them to be as un- 
developed as that of an animal of about a fortnight old. 

The possibility of a retardation in the rate of growth of ine 
animals suggested by this last experiment may be co-related with the 


results of Hart and Nord man and of Lucien and Parisot, as well as 


of those of Basch and of Soli, showing decrease in the development of 
the bones. 
It is quite possible that in some species the action of the thymus on 


growth may preponderate over the influence of the testes so that when 


it is removed the testes may fail to exercise a compensating action. 

The reciprocal action thus demonstrated between the thymus and the 
testes suggests the existence of similar connections between other organs. 
Thus, the well-known effect of the thyroid upon growth and the more 
problematic relationship of the pituitary to skeletal development tend to 
connect them with the thymus and testes. Soli (loc. cit.) states that in 
castrated animals he finds a hypertrophy of the pituitary and, in the 
absence of this, of the thyroid. 

Material has been collected for the histological investigation of the 
various organs after removal of the testes or ovaries and of the thymus 
alone or with one or other of these organs. 

It might be anticipated that, if this reciprocal action between thymus 
and testes exists, the one organ would tend to be large when the other 
is small. But this is not found to be the case and in different individuals 
of the same size where one organ is well developed the other is generally 


proportionately developed. But in some cases wide discrepancies are to 
be found between the relative weights of these organs. 
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Thus, W from Table VIII five guinea-pigs of 110 grms., the 
of testes and thymus were noted: 


Thymus 


0-185 16 
0-185 0-215 
0-106 0-144 1˙8 
0-184 0-240 9 1˙7 
0˙140 1˙2 
or of 135 grms.— 
0-140 0817 
%%ͤũĩũ.n 90120 0-8 
0-210 0-230 10 


or taking five guinea-pigs of 300 grms. the following 1 are 
seen :— 


Testes Thymus — 
0˙881 0-70 
140 0-88 020 
1:06 0-81 0% 
1°23 0-34 0°27 
1:26 0°40 082 


But if the animals be arranged according to weight, with the weights 
of testes and thymus appended, and if averages for different periods of 
growth be taken, it is seen that there is a definite relationship between 
the weights of these organs which may be expressed as the ent of 


— and which varies throughout the growth of the animals 


The following table gives such a series of figures. In it the animals 
under 300 grins. are arranged according to body weight, those with a 
weight of approximately 300 grms. according to the weight of testes. 

This table shows that in the growth of the guinea-pig from 70 to 
220 grms. the testes grow proportionately to the growth of the animal, 
but that, before 300 grms. is reached, their growth has become accele- 
rated and is out of proportion to the growth of the body. 

The growth of the thymus is proportionately somewhat more rapid 
than the growth of the body i in animals from 70 to about 135 grms. 


After this, till 300 grins. is reached, it appears to be 885 Sienna 
to the growth of the body. 
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400 320 20 14 24 40 0% 
B. Animals between 290 and 320 grme. 


enn weight Average weight 
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Average 308 1-04 88 
Per cent. of body wt. 0°34 0125 
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II. FEMALE ANIMALS. 


Henderson in his paper (Loc. cit.) states that the thymus of heifers 
per unit of weight is intermediate between that of bulls and oxen, and 
adds that “in heifers which had been pregnant for several months the 
thymus exhibited a much more marked atrophy than is the case with 
those which had not exercised the reproductive function.” Goodall’ 
finds that the thymus in guinea-pigs from which the ovaries have been 
removed persists just as it persists in the male. 

In my experiments (loc. cit. p. 31) I found that guinea-pigs deprived 


of the thymus at an early age became pregnant at about the same time 
as normal animals, The average weight of eight thymusless when they 


took the male was 374 grms. and that of six normal animals 388 grms. 

The results of ovariotomy and of ovariotomy with removal of the 
thymus on the rate of growth were studied in the present series of ex- 
periments with the following results:— _ 


In 58 days, when the weight of 800 grms. was reached by the first of the batch. 


TABLE IX. 
Nine Checks Thymus Removal — 
initial W. End W initial W. End W. Initial W. End W. 
115 310 100 210 150 805 
126 275 100 195 115 20 
85 120 95 200 125 17⁰ 
160 310 
180 306 100 220 100 180 
120 215 115 20 ae 
175 800 - 150 310 
110 200 100 175 
150 250 
Increase 118 112 99 
Or eliminating from the checks all above 150 
119 228 
Increase 109 


Taking only the six checks below 160, in thee 53 day the following 
numbers reached 300 grms. :— 


Checks, Ovaries and thymus removed. Ovaries removed. 
1 of 6. . 1 of 7. 1 of 4, 


Ovariotomy .and ovariotomy with thymus extraction appear to 
exercise no effect on the rate of growth of immature female guinea-pigs. 


This Journal, xxxu. p. 97. 1905. 
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III. INFLUENCE OF CASTRATION UPON THE THYMUS. 


In our previous observations on the growth of the 2 bac the in- 


fluence of sex was not considered. 
The present experiments afforded some further evidence of the 


influence of ation on the size of the thymus in guinea-pigs of about 


300 grins. 
A. Males. In 14 normal animals at about 900 grms the average 
weight of the thymus was 362 grm., and in six castrated animals 
‘499 grm. In the former the smallest was 27 and the largest 54, in 
the latter the smallest was 338 and the largest 69. 

B. Females. In the female guinea-pigs of about 300 grins. seven 
normal animals had a thymus of the average weight of 540 grm. 


(smallest 33, largest 688), while four animals with ovaries removed had 


an average weight of 544 (smallest 465, largest 616). 

Ovariotomy thus seems to have little influence on the growth of the 
thymus before the age of sexual maturity. Its influence rather appears 
to be to retard the subsequent involution. In the earlier stages of growth 
the thymus of the female approximates in weight to that of the male of 
the same size. 

Average of nine females of average weight of 116 grms. 
Thymus grm. 
Average of nine males of average weight of 110 grins. 
Thymus | 0175 grm. 
| When 300 is reached marked difference is found in the thymus 
in the two series. 
Males average of 21 of average weight of 303 grms. 
Thymus 036 grm. 
Females average of five of average weight of 315 grms. 
Thymus 0˙540 grm. 
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ConcLusions. 

These. observations tend to show that in the guinea-pig the thymus 
and testes both exercise an influence on the growth of the sexually 
immature animal and that, after the removal of one of these organs, the 
other can compensate for its loss and in doing so may undergo a more 
rapid growth, or, in the case of the thymus, may persist for a longer 
period. 

In the female the same evidence 4 the influence of the thymus and 
ovaries upon growth has not been observed, but further experiments are 


required. 


(The expenses of this investigntion were defrayed from a grant received from the 
Carnegie Trust.) 


— 
3 
N. 
Ay 
— 
* 
A. 
‘wi 
weed 
* 
P. 
y 
4 
E. 
| 
* 4 
> 
— 
2 
= 
‘ 
„ 
. 
Tings 
2 


D. V. PATON, 


— 


Body weight 


Body weight 
187 
+180 


7 


‘(bee 8838883 23222225 


„„ 


143 
168 
107 


888888 3843888828 


112 
181 
166 


5 
PPENDIO 
* * + 
P 
* 
— * 
* 
8 
10 
2 
= 
12 
3 5 i 
4 
7 
‘19 
94 11 12 
* 
8 
18 
14 
19 
1¹ 
18 | 
15 
| 
| 
14 
4 
4 110 
‘ 
115 
: 
une 
Bi 
cx 
120 | 
120 
of 
4 125 : 
> 
135 
185 
185 
185 
145 
2 150 | 
% 
155 
165 
175 
2 
* 
2 
vy 
8 


‘THE EFFECTS OF ASPHYXIA UPON MEDULLARY 
CENTRES. PART I. THE VASO-MOTOR CENTRE. 
By G. C. MATHISON, Beit Memorial Research Fellow. 


(From the I; nstitute of Physiology, University College, London.) 


CONTENTS. 


Introduction and general methods . . . . . 

Effect of oxygen lack 

Effect of carbon dioxide . 

Effect of injection of organic acids 7 

Production of rhythmical changes in blood- 8 
Discussion of results. Summary . 
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Introduction. In a former paper I have considered the effects of 
asphyxia, oxygen lack}, excess of carbon dioxide and injection of weak 
acids upon the spinal centres and have shown that, with some reserva- 

tion in the case of carbon dioxide (see note at end of this article), there 
is such similarity in the effects produced as to suggest the existence of 
a common factor underlying the actions of these various agents. In 

: pursuance of this idea I have examined the effect of these agents upon 
7 the vaso-motor and the cardio-inhibitory centres. For satisfactory 
1 investigation it is obviously necessary to avoid variations due to spon- 
J taneous respiratory movements, and for this reason the experiments have 
; been carried out on curarised animals under artificial respiration. 
: Further, for purposes of analysis, it is necessary to investigate the 
-_ centres one at a time, that is, to eliminate the effect of activity of the 
5 cardio · inhibitory centre when the vaso- motor centre is under examina- 
tion, and vice versd. In order to eliminate the action of higher centres 


term is to cover the various prodcte renting fom the alterations in 
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and, still more important, to dispense with anæsthetics, animals deprived 
of the cerebral hemispheres have been employed. 

Although the action of asphyxia upon the circulation has been the 
subject of many investigations, in few has any proper attempt been 
made to dissociate the factors concerned. Most of the observations 


have been made on non-curarised animals, frequently with the vagi 


intact, in which the circulatory changes were profoundly influenced by 


the respiratory movements. In others, performed with the intention of 


ascertaining the effect of carbon dioxide, such excessive quantities of 
this gas were given that it is certain that oxygen lack was also present. 
The observations made in the early years of the graphie method do not 


suffer from such defects. In 1863 Traube investigated the action 


of asphyxia upon curarised rabbits with the vagi cut. He showed that 
the administration of 21 p.c. carbon dioxide with excess of oxygen 


produced a rise of pressure with dilatation of the heart, and he ascribed — 


this rise of blood-pressure to the action of carbon dioxide upon the 


centres for the “musculo-motor system” of the heart. Thiry« 


working under Ludwig, demonstrated that the rise of pressure during 
asphyxia in curarised animals was due to constriction of the small 
arteries. When he employed a mixture consisting of one part of carbon 
dioxide with two parts of oxygen, he observed a rise of pressure 
accompanied by a contraction of the walls of the small arteries (ascer- 
tained by direct observation). He clearly stated that the stimulating 
effect of carbon dioxide was a central one. In some cases on adminis- 
tering hydrogen he obtained a rise of blood-pressure similar to that in 


asphyxia. In the light of Thiry’s results Trau beo reinvestigated — 


the subject and came to the conclusion that the carbon dioxide carried 
in the blood was the natural excitant of both respiratory aud vaso-motor 
centres, 


The next decade saw the development of the idea that lack of 
oxygen was the normal stimulus to the respiratory centre and to nerve 


centres in general—a view strongly championed by Rosenthal and 
more recently by Verworn@. The action on the vaso-motor centre 
has not been investigated as a separate problem by any observer, though 
Verworn investigated the increased vagus action during asphyxia. 
Miescher-Ruscho and Fredericq@ regarded carbon dioxide as the 
normal excitant to respiration, and the latter has always strongly 
_ asserted that carbon dioxide is the normal excitant to all medullary 


centres, respiratory, vaso-motor and cardio-inhibitory, though I have not 


been able to find upon what experimental evidence this assertion was 


; 
— 
1 5 
a 
SS 
* 
* 
— 
* 
3 
A 
% 
ay 
Ag 
a 
— 
we 
| 
. 4 al, 


ASPHYXIA ON SPINAL BULB. 285 


based. An account of the conflicting views of numerous observers will 
be found in an article by Marés@, who himself obtained a rise of blood- 
pressure with pure oxygen lack but not with carbon dioxide ; he arrived 
at the erroneous conclusion that the heart was resistant to oxygen lack 
but was readily poisoned by carbon dioxide. The absence of any rise of 
blood-pressure in his experiments was due to heart failure produced by 
the excessive quantities of carbon dioxide which he employed, usually 
mixtures of 80 p.c. carbon dioxide with less than 20 p.c. oxygen. 

The work of Haldane and Priestleyao, establishing the important 
part played by carbon dioxide in regard to the respiratory centre, 
directed further inquiry into the question. Hill and Flackay paid 
some attention to the circulatory changes during the administration of 
excess of carbon dioxide, and during oxygen lack, but their results were 
complicated by the incomplete dissociation of the two conditions, and by 
the accompanying changes in respiratory movements. As far as their 
work went it showed that both carbon dioxide and oxygen lack could 
excite the vaso-motor centre. 

Kaya and Starlings, examining asphyxia in the spinal animal, 
made a few observations on the medullary vaso-motor centre and con- 
eluded that it was excited by carbon dioxide and probably also by 
oxygen lack. 

The reaction from the views of Rosenthal has been very marked 
and there is at present a tendency to go to the other extreme, seen, 
for example, in the writings of Yandell Hendersona». He not only 
attributes to carbon dioxide the predominant part in maintaining the 
activity of nerve centres but repeatedly states that lack of oxygen is 
not a stimulant but merely paralyses. This statement is not in accord- 
ance with the results recently obtained by Hill and Flacka» and is 
only in a particular sense supported by the work of Haldane and his 
colleagues de, 15) on the regulation of respiratory movements. It will be 
shown that the results of the present investigation are in opposition to 
the view that oxygen lack never acts as a stimulant, although it is 
fully recognised that this stimulant action is not a direct one. 

General Methods. The experiments were carried out on curarised 
decerebrate cats. Under full chloroform anesthesia the trachea was 
opened and artificial respiration instituted. The carotid arteries were 
both ligated and the vagi and cervical sympathetic trunks divided. 
The skull was trephined over the most prominent part of the parietal 
bone and decerebration performed by means of a blunt-edged instrument 
at the level of the anterior border of the bony tentorium, the brain stem 
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286 6 0 MATHISON. 
being thus transected about the region of the anterior corpora quadri- 


gemina, No attempt was made to stop bleeding, free escape of blood 


being permitted in order to avoid any rise of intracranial pressure. 
The onset of decerebrate rigidity indicated the efficiency of the tran- 


section. The moment decerebration was completed the anzsthetic was 


discontinued. Then 1 cc. of a 2 p.c. solution of curare diluted with 


saline was injected either intravenously, or preferably into the central 


end of the left carotid artery, thus avoiding the heart. The blood- 
pressure was recorded in a carotid or in the femoral artery and, for 


investigation of intestinal volume changes, a loop of the lower end of 


the ileum was enclosed in an oncometer of Edmunds’ pattern, which was 
connected either to a piston recorder or to the volume recorder devised 
by Maas. The gas mixtures were administered usually by means of 
Meyer's respiration pump, in a few cases by the method of continuous 


tracheal insufflation which I described in a former paper. For 


oxygen lack, nitrogen containing usually less than 1 p.c. oxygen was 
administered. The acid solutions, made up with normal saline, were 
injected either intravenously or into the central end of the stump of the 
right carotid artery; in the latter case they reached the aortic arch and 
were carried on in the blood stream, a portion of the acid thus reaching 
the medullary centres by way of one or both vertebral arteries. 

At the conclusion of each experiment the cranial vault was removed, 
and the exact level of the transection and the conditions within the 
cranium were ascertained. If any blood clot was found about the base 


of the brain affecting the blood supply to the medullary centres, the 


results of the experiment were rejected. 


The Action of Asphyaia. — 


The action of asphyxia’ upon the circulation is well known. The 
changes of blood-pressure occurring as the result of asphyxia and of the 
various agents examined are shown in Figs. 1-4, which are taken from 
experiments on the same preparation. Asphyxia, administration of 
nitrogen, or of 12 p.c. carbon dioxide, or injection of 2 C. N/15 lactic 
acid, all rapidly produced a rise of carotid pressure from about 100 mm. 
to the neighbourhood of 220 mm. Hg. The administration of 18 p.c. 
carbon dioxide produced a rise of no greater magnitude, so that it may 
be concluded that the stimulation of the vaso-motor centre was in all 
cases about maximal. : 


Throughout this paper asphyxia signifies asphyxia by cessation of respiration. 
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on 


Fig. 1. Cat D 15. Decerebrate at level of anterior corp. quad. Vagi cut. Curarised. 
Artificial respiration discontinued between the arrows. Slight movements at x. 
The same preparation was used in Figs. 1-4. In this and all subsequent tracings 
the time marker indicates 10 seconds, the upper curve intestinal volume, the lower 
arterial blood-pressure, the exact height in mm. Hg. being indicated “Sars inscribed 
numerals. Synchronous points in volume and pressure curves are indicated by | x. 
All the animals were decerebrate, curarised and vagotomised. 

Fig. 2. Cat D15. Nitrogen administered by e tracheal insufflation between 
the arrows. At x slight movements. 


220 
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Fig, 8. Ost D 16. 00, 12-4 p.o, +0, 80 p.c. administered. 
Fig, 4. Ost D15, Lactio acid, 2 0.0, 15 (=20.0. 6 p.c.) injected into the left external 
jugular vein. 
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In several cases the composition of the alveolar air was examined 
before asphyxia, and at the moment when the asphyxial rise of blood- 
pressure commenced, or at intervals of one minute or two minutes after 
the cessation of artificial respiration. The gases were collected by 
means of a sampling bulb, filled with mercury, which was connected 
with a side branch in the glass tracheal cannula. The dead space of 
the apparatus was made as small as possible and by means of a special 
three way tap at the proximal end of the bulb the first portion of air 
from the lungs was not drawn into the collecting bulb, into which only 


alveolar air passed. The gases were estimated by means of Haldane's 
large gas-analysis apparatus; usually between 25 and 30 c.c. of gas were 


obtained for analysis. 
The following are examples of the values obtained : 


05 05 C05 
During artificial respiration 16˙7 1°65 15-4 
After 1 min. asphyxia 8:8 8-9 
After 2 mins. asphyxia 4:3 5-0 2-6 6-0 
During artificial respiration 14˙9 1°48 
At moment of asphyxial B. . rise “53 2°95 


The carbon dioxide content of the alveolar air was usually very low 
under the conditions of experiment. It may be that this was due to 
excessive artificial respiration, but if this were the case it was remark- 
able, in view of Yandell Henderson's repeated demonstration that a 
great lowering of blood-pressure is a constant feature of the acapnia 
resulting from excessive ventilation of the lungs, that the blood-pressure 
remained at a constant level. The increase in alveolar carbon dioxide 
during asphyxia is not very great, while there is a great fall in the 
oxygen percentage. In the light of subsequent experiments the figures 
obtained indicate that while the stimulation of the vaso-motor centre is 
due to both oxygen lack and accumulation of carbon dioxide, the failure 
of the circulation, to which death from asphyxia is directly due, is the 
result of want of oxygen. : 3 | | 


The Effects of Lack of Oeygen. 


The blood-pressure changes during the administration of nitrogen 
are similar to those occurring during asphyxia. The chief difference is 
that the rise in asphyxia commences almost at once and increases 
gradually, whilst under nitrogen it does not appear until half a minute 
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or more has elapsed and is then, as a rule, rather abrupt. This differ- 

ence is well illustrated in Figs. 5 and 6. It is not markedly apparent 
in Figs, 1 and 2, perhaps because in the experiment illustrated by 
Fig. 2 the nitrogen was administered by tracheal insufflation and there 
may have been a slight 
accumulation of carbon 
dioxide. The difference 


due to the increase in 

carbon dioxide tension 

during asphyxia, an 

increase not occurring 

when nitrogen is given. 

The subsequent fall of 

blood-pressure is earlier 

in onset and more rapid 

under nitrogen, the 

available oxygen is 

washed out from the 

lungs and tissues with 
greater rapidity and the 

heart rapidly fails. If 

oxygen lack or asphyxia 

is prolonged for more 
than a minute, heart IIIILLLLLILLIIII 
block ensues. The effect | | 


of oxygen lack on the 

3 5. Cat. Decerebrate above post, corp. quad. 
heart I have described „ Artificial respiration stopped between 
in detail elsewherewo). the arrows. 


Whether the fall of Fig. 6. Same preparation as in Fig. 5. mips 
administered between the arrows. 
pressure is en 

ly due to the failure of 

the heart or whether there is also paralysis of the vaso-motor centre 
requires consideration. The initial effect of oxygen lack on the 
centre is clearly stimulating, a result in opposition to Yandell Hen- 
derson’s statements. He says, for example, “...it appears that lack of 
oxygen is not the cause of the symptoms characteristic of asphyxia. 
Lack of oxygen apart from excess of carbon dioxide is not a stimulus. 
It merely paralysesan.” Since in my experiments the alveolar carbon 
dioxide tension was often under 8 p.c. at the moment of stimulation, it 
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is impossible for me to agree with the latter part of this statement, a 
statement which is repeated in other papers by this worker dun. 
The excitation of the vaso-motor centre by oxygen lack comes on 


usually between 30 and 60 seconds after the administration of nitrogen 


is commenced, in contrast to that of spinal centres which does not occur 

until two minutes or more have elapsed. : 3 
Though there is no doubt that the vaso-motor centre is stimulated 

as a result of lack of oxygen, results are sometimes seen which suggest 


that a paralytic action on the centre is in progress at the same time 


as the stimulation. The fall of blood-pressure is usually attributed 
entirely to heart failure, and the rise when respiration is resumed is 
ascribed wholly to the improved action of the heart. Cardiometer 
records do not always show sufficient decrease in the output of the 
heart to account for the entire fall of pressure, and intestinal volume 
curves indicate that there is frequently concomitant vaso-dilatation. A 
result such as that illustrated in Fig. 7 is not infrequent. If this curve 
be carefully studied it will be seen that at the same time the intestinal 
volume decreased and the blood-pressure rose; then with a falling 
blood-pressure the volume increased, indicating a dilatation of the 
vessels, About this time respiration was resumed and the blood-pressure 
at once rose, chiefly, it may be assumed, as a result of the increased 


cardiac output. It is to be noticed that the vessels again began to 


constrict with a rising blood-pressure. There is a slight possibility 
that this was due to a reaction of the arterial wall to increased internal 
pressure such as that described by Baylissa», but the experiment 


illustrated in Fig. 8 suggests that it was due to a revival of the vaso- 


constrictor centre by the new supply of oxygen. This latter experiment 
was performed on the same animal some time later, when the centres 
were somewhat fatigued. 

The administration of nitrogen for about one minute was followed 
by a slight fall of pressure and it appeared that the heart was about to 
fall without any rise of pressure occurring. When the supply of air 


was resumed the intestinal vessels constricted and the blood-pressure 


rapidly rose. In this experiment the diminution in intestinal volume 
came on shortly after the removal of the air supply and the greater 
portion of the rise of pressure followed later. The course of the 
phenomena certainly suggested that. the stimulation of the vaso-motor 
centre was not made manifest till a fresh supply of oxygen was acquired. 

Results such as these can be explained by assuming that in the 
case of oxygen lack two factors are at work, one stimulant, the other 
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paralytic. In accordance with the prevalent views of the action of 
nerve centres it may be assumed that chemical stimulants do not excite 
a nerve centre by effecting a change in the metabolism of nerve cell 
_ bodies, but by bringing about alterations in the permeability of the 
synaptic membrane (cf. Sherrington). A substance may excite 


“ 


Steands. 


pe Fig. 7. Cat. Decerebrate above post. corp. quad. Curarised. Nitrogen administered 
between on and off. 


Fig. 8. Same preparation as in Fig. 7, in a somewhat fatigued condition. Nitrogen 
administered between the arrows. Rise of blood-pressure and constriction of in- 
testinal vessels subsequent to resumption of air supply. : | 


the receptive portion of the cell mechanism, but at the same. time 
| paralyse the executive side so that the stimulus elicits no response. 
: This view is well expressed by Yandell Henderson: “The function 

: of perikarya is merely nutritive. The lack of oxygen paralyses neurones 
by starving their cell bodies, while on the contrary the acidosis substances 
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resulting from partial asphyxia of other tissues are stimulants at 
synapses.” It is quite possible that the acidosis substances themselves 


may, acting on different portions of the neurone, simultaneously stimulate © 


and paralyse. Certainly the narcosis of nerve. centres resulting from 
injection of acids into the blood stream, seen in the case of spinal 
centres (cf, Mathisonq) and also of higher centres, suggests that the 
acidosis substances are quite capable of this double action, so that in 
this detail I am not prepared to subscribe to Henderson’s statement, 
though agreeing with the main idea. 


The Effect of Eacess of Carbon Dioride. 

The rise of blood-pressure in curarised animals supplied with carbon 
dioxide together with a sufficiency of oxygen was demonstrated by 
Traube(s® who used mixtures containing 14 p.c. carbon dioxide and 
excess of oxygen. Most of the succeeding observers used immoderate 
quantities of carbon dioxide (see Mares). 


1 Same preparation as in Figs. 6 and 6. 00, 4-7 pe. 40, 90 pc. administered 


between the arrows. 


Fig. 10. Cat. of ant. CO. 
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The demonstration of the reaction of the respiratory centres to 
slight excess of carbon dioxide suggests that the reaction of the vaso- 
motor centre may be similarly sensitive. Kaya and Starlingaa, 
working on curarised animals anesthetised with urethane, produced 
marked rise of blood-pressure by administering 7 p.c. carbon dioxide. 
In animals ansesthetised with chloroform the rise in pressure is in- 
frequent; this accounts for the failure of many workers to produce it. 


4a 


Fig. 11. Same preparation as in Fig. 10. 00, 10°8 p.. 4 0, 19 p.c. administered, Note 
eruption of respiratory movements causing large variations in n. -v. tracing; the effect 
of the curare was becoming inefficient. 


Fig. 12. Same preparation as in Figs. 10 and 11. Cessation of artificial respiration 
between the arrows. Compare with Fig. 11. 


The raised blood-pressure may in part be due to the increase in the 

output of the heart which, as Henderson and Jerusalem and 

Starlinga have shown, is produced by small percentages of carbon 

dioxide. It is always assumed however that the rise is mainly due to 

- vaso-constriction, though I have been unable to find any published 
record of plethysmograph 
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In Figs. 9, 10 and 11 are shown the changes in blood-pressure and 
intestinal volume resulting from administration of quantities of carbon 
dioxide varying from 47 to 108 p.c., to be contrasted with Fig. 12 
showing the effect of asphyxia upon the same preparation as in 
Figs. 10 and 11. In all cases the rise in blood-pressure is accompanied 
by decrease in volume of the intestinal loop. The blood-pressure rose 
from 100 to about 180 mm. in asphyxia and also under 10 po. carbon 
dioxide. In Figs. 11 and 12 large excursions on the blood-pressure © 
tracing occurred, due to the eruption of spontaneous respiratory move- 
ments; the effect of the curare was diminishing and the strong 
stimulation of the respiratory centre overcome the block in the motor 
end organs, Fig. 9 is taken from an experiment on the same preparation 
as Figs. 5 and 6; in this case 47 p.c. carbon dioxide produced a rise 
from 110 to 180 mm., — or oxygen lack from 150 to about 
200 mm. 

The Ne vaso- motor centre is readily excited by 5 p.c. carbon 
dioxide, in marked contrast to the spinal vaso-motor centres which are 
excited only by mixtures containing 25 p.c. and upwards; the sensitive- 
ness of the vaso-motor centres is greatly increased for carbon dioxide 
just as it is for oxygen lack. The rise in pressure ensues within half a 
minute of commencing the administration of the carbon dioxide and 
proceeds very rapidly but quite steadily,—offering a contrast to the 
abrupt rise under oxygen lack,—and is maintained for some time; the 
blood-pressure may remain nearly 100 mm. above its ordinary level for 
ten minutes or more if the administration of carbon dioxide is sustained. 
This maintenance of a high blood-pressure is illustrated in Fig. 14; in 
this experiment 10 p.c. carbon dioxide and 25 p.c. oxygen caused a rise 
of pressure from 120 to 240 mm. in 40 seconds, and the pressure 
remained at this level for 23 minutes, falling only when the carbon 
dioxide was discontinued. Thus the effect of these small percentages 
is to stimulate without causing paralysis. A narcotic effect is seen 
when more than 30 pee. carbon dioxide is given; it has been fully 
described by previous workers (see Hill and Flacka»). 

The effect of carbon dioxide is very constant; rarely indeed does 


the vaso-motor centre fail to respond, even when its condition is too 


bad to permit a response to oxygen lack. This does not necessarily 
indicate that carbon dioxide is a specific stimulant to medullary centres, 


but 
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me Effects of Injection of Orgunig Acids’ 


The presence of organic acids such as lactic acid in the blood of 
asphyxiated animals is well established, and the effect of introducing 
such acids into the blood stream is shown in Fig. 4. The injections have 
been made with the precautions described in a former paper, sometimes 
into the central end of the carotid artery, sometimes into one of the 
jugular veins. Fig. 4 shows the effect of injecting 2 cc. N/15 lactic 
acid during a period of 20 seconds into the left external jugular vein. 
An apparently maximal stimulation of the vaso-motor centre resulted, 
the blood-pressure rose as high as it did during 1 in the same 
animal. 

It might be objected that the acid injected 3 raised the carbon 
dioxide tension of the blood and that this stimulated the centre, but if 
this were the only effect the excessive tension should have been corrected 

as the blood passed through the lungs, and the rise of pressure should 
not have been so lasting as in the illustration. Other organic acids have 
the same effect. As small a quantity as 2 c.c. N/30 acid is capable of 
exciting the centre, whilst about 5 c.c. N/6 acid are required to excite 
spinal cord centres. 


The Production of Rhythmic Variations in Blood- Pressure. 
Rhythmic waves on the blood-pressure tracing during asphyxia in 
curarised animals with the vagi cut were described by Traube in 
1865. In the present experiments waves which answer to Traube’s 
description have been seen under carbon dioxide and during oxygen lack. 
They fall into two classes: the first includes waves 10 to 25 mm. Hg. in 
height, recurring about ten times per minute; the second, larger waves 
up to 60 mm. high recurring about twice per minute. The first class 
corresponds to the well-known Traube-Hering wavesas. Hering 
attributed these variations in blood-pressure to overflow from the 
respiratory centre to the vaso-motor centre. Their rate certainly 
approximates to that of respiratory movements in a vagotomised animal 
and Hering’s explanation has something to be said in its favour. In 
the present experiments these waves have been observed with quantities 
of carbon dioxide as low as 5°9 p.c.; with higher percentages they were 


such injection is discussed in a former paper (1). 
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nearly always present. A high arterial pressure seems to favour, though 
it is not a necessity for, their production. 


The occurrence of the larger waves during oxygen lack and during 


administration of carbon dioxide is illustrated in Figs. 13 and 14. In 

Fig. 18 the changes in intestinal volume are also shown, and as these 

did not correspond exactly to the blood-pressure changes, it appears 

probable that all parts 

of the vaso-motor centre 

were not in the same | 

phase simultaneously, 

but first one portion, 4 * 

then another, was active. ~ 

These large waves were 

accurately described by 

Traube, but were re- 

described by Mayeriw 

and are thus frequently 

called Mayer's waves. 
There has been 

much discussion as to 

the causation of these 

rhythmic pressure vari- 

ations, and many at- 

tempts have been made * 

to differentiate between N 


700 
them (see for example [J 


Morawitza»). Their 
origin is usually at- Fig. 18. Same preparation as Figs. 10-12. Rhythmical 
tributed to irradiation waves during the administration of nitrogen. 
from the respiratory 

centre, but since rhythmic variations in blood-pressure are frequently 
seen in the spinal animal, which possesses no respiratory centre, there 
is no necessity to postulate the participation of this centre in their 


production. 


From experimental results there appears to be no sufficient reason 


for departing either from Traube’s original description of the waves or 


from his explanation that they are due to varying conditions of activity 
and fatigue in the vaso-motor centre, save to add that such conditions 


may also exist in spinal vaso-motor centres, a point which Traube did 
not 
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Absence of Response to Asphyxia. 


In the foregoing account of experimental results only the positive 
results have been discussed. In some cases asphyxia, oxygen lack, 
carbon dioxide and injection of acid one and all failed to stimulate the 
vaso-motor centre. Where carbon dioxide fails to excite the centre 
oxygen lack also fails, but on the other hand cases are met with where 


carbon dioxide causes a rise of blood-pressure and oxygen lack does 


not. This is probably due to the dual action of oxygen lack discussed 
in a former section. 


109 - 100 


Fig. 14. Cat. bi Curarised, Vagi cut. Rhythmical waves subsequent to 


the administration of CO, 10-1 p. c. + O, 25 p.c. between the arrows. Gaps in tracing 
=90, 30 and 30 seconds. 


The phenomena of narcosis, which were discussed in detail in 
connection with spinal centres, show themselves even more markedly 
in the case of medullary centres. The narcosis comes on more quickly, 
probably owing to the more active katabolism of the cells of the 
medullary centres, My observations agree with those of the various 
observers who have at one time or another seen this narcosis during 
oxygen lack, after prolonged administration of large percentages— 
30 p.c. and upwards—of dioxide and after the 
of acids. 
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Discussion or Resutts. 


The results of these investigations show that oxygen lack, excess of 
carbon dioxide or injection of weak acids all excite the vaso- motor 
centre. To excite the spinal vaso-motor centres requires oxygen lack 
of at least two minutes’ duration, the administration of 25 p.c. carbon 
dioxide, or the injection of about 5 c.c. N/6 lactic acid. The medullary 
vaso-motor centre is readily excited by oxygen lack of about 40 seconds’ 
duration, by 5 p.c. carbon dioxide, or by 2 c. c. N/20 lactic acid. Thus, 
these higher centres show a great increase of sensitiveness not only to 
nervous but also to chemical stimuli. There appears to be no reason 
for regarding the respiratory centre as a particular mechanism alone 


possessing the property of responding to small changes in the carbon = 
dioxide tension of the blood. | G4 

The hypothesis that there exists a common factor underlying the S 
action of the various agencies at work in asphyxia receives some 1 
support from these experiments, as it did from those on asphyxia in the 8 


spinal animal. Recent work tends to show that this common factor is 
the increased acidity, or hydrogen ion concentration, of the blood. To 
account for the excitatory effect of lack of oxygen upon the respiratory 
movements the view was put forward first by Hermann in 187000, 
more recently by Haldane and his colleagues do d that oxygen 
lack lowers the threshold of the respiratory centre for carbon dioxide. 
It is well established that oxygen lack results in the production of acid 
substances other than carbon dioxide, and there is evidence that any 
acid is capable of exciting the respiratory centre. Winterstein has 


shown that when the brain of a young rabbit is perfused with Ringer's 7 
solution free from carbonates, the addition of sufficient hydrochloric 5 
acid to bring the acidity of the fluid up to N/1000 HCI evokes = 
respiratory movements. It appears reasonable to assume that tlie a 
hydrogen ion concentration is the factor conditioning the excitation of 4 
the respiratory centre, and, the results of my experiments suggest, of 3 
the vaso-motor centre. Since the animal has developed a mechanism 1 
by means of which changes in the reaction of the blood can be readily 4 


and rapidly adjusted by varying the excretion of carbon dioxide, whilst 
the mechanism for excreting other acids is a slow one, as is shown for 
example in Ward’s results on Monte Rosa, carbon dioxide can be 
regarded as the normal respiratory hormone. The acid substances 
produced during oxygen lack are not of lower potency as hormones 
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chan cachon dioxide, but for several reasons. they are 100 normally 
‘employed. Their production is not a steady process like that of carbon 
dioxide but commences suddenly at a time when the executive side of 
the nerve cell is feeling the effect of oxygen starvation, so that the cell 
may be too much disorganised to respond to stimulation. The broad 
margin of safety protecting the organism against paralysis of its cells 

by oxygen starvation is assured by the sensitiveness of the medullary 
centres to hydrogen ion concentration, and therefore to carbon dioxide — 
in common with other acids. 


SUMMARY. 
1, Oxygen lack, administration of small percentages of carbon 
dioxide, and injection into the blood stream of weak organic acids all 
cause rise of blood-pressure by stimulating the vaso-motor centre. In 
the production of the asphyxial rise of blood-pressure both increase of 
carbon dioxide and deficiency of oxygen are factors. 

2. Prolonged oxygen lack, administration of 30 p.c. and 3 of 
carbon Sees, and repeated injections of acids produce a condition of 
narcosis. 

3. Traube waves are seen during both oxygen. lack and administra- 
tion of carbon dioxide. | 

4. The results obtained suggest the existence of a common factor, 
probably the hydrogen ion content of the blood, underlying the action 
of oxygen lack and of excess of carbon dioxide upon nerve centre. 


| APPENDIX. 
Vote on the Action of Carbon Diowide on the Spinal Cord. 

In a former paper I stated that the effect of carbon dioxide 
administered by artificial respiration upon the skeletal muscle centres 
of the spinal cord was rather anomalous, since no movements were 
produced, in marked contrast to the action of oxygen lack or injection 
of acids. I have since found that this is largely a matter of con- 
centration. The injection into the central end of the carotid artery of 
a spinal cat of defibrinated blood saturated with a mixture containing 
25 p.c. carbon dioxide and excess of oxygen produces not only rise of 


blood-pressure but also vigorous scratch movements, and even slight 
convulsions. The action of carbon dioxide is thus brought into line 
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with those of oxygen lack and of injection of other weak organic acids, 
though a consideration of my remarks on p. 447 of the former paper 
will show that it affords only a partial explanation of the absence of 
response to carbon dioxide when given by the lung. 

The results afford evidence that the action of carbon dioxide on 
skeletal muscle centres is not confined to the respiratory centre, but is 
also capable of affecting the spinal cord; the action differs only in 2280 = 
respect that the medullary centre is moch more sensitive. Se is 
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THE DIRECT DETERMINATION OF CREATINE IN 
PATHOLOGICAL URINE. Br d. STANLEY 
WALPOLE, BSc, 710 


the Wellcome Physiological Research Laboratories, 
Herne Hill, 


THE investigation by 3 into the nature of Vosges and 
Proskauer's reaction* led to the discovery that acetyl methyl carbinol 
and air or else diacetyl were necessary factors, and also that a substance 
containing a certain atomic configuration, such as arginine or creatine, 
must be present. Creatinine does not contain the necessary grouping | 
and this suggested the method for the direct determination of creatine 
in urine that is the subject of the present communication. 
The estimation of creatine in urine is based on the fact that creatine 
gives a pink colouration with diacetyl in alkaline solution. The depth 
of the colour produced by the reaction is influenced so much by a very — 
large number of apparently insignificant factors that it was found 
necessary to adopt certain standard conditions. Test-tubes size 6” x }” 
are employed, and in any examination in which this reaction is used 
there are taken in each tube 2 c. of a saturated sodium carbonate 
solution, 2 Cc. of the solution examined, the requisite number of drops 
of diacetyl solution and water up to a 6 Cc. mark. The tubes to be 
compared are then stood vertically in boiling water for one minute, 
allowed to stand in a test-tube rack for half an hour and examined, after 
filtration if necessary, in special glass tubes with bottoms of optically 
worked glass. 
At the ordinary temperature, the reaction when the solution 
examined contains creatine proceeds very slowly. The depth of colour 
passes through a maximum after about twelve hours and then 


1 Harden. Proc. Roy. Soe. B. AVI. p. 424. 1906. 
2 Vosges and Proskauer, tech. f. Hyg. xxvut. p. 20. 1898. 
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diminishes in intensity. The rapidity with which these phases follow 
one another is increased very greatly by warming, and I have found 


the conditions given to be the most suited to the present problem. 


Preparation of the diacetyl solution. The synthesis from methyl- 
acetoacetic ester described by v. Pechmann! is given in Beilstein s 
- Handbuch and can readily be performed in a few hours. I have found 
it convenient to convert the diacetyl at once into the dioxime and 
prepare fresh diacetyl solution when required by simply distilling a 


little of this substance with dilute sulphuric acid. If to 1 gram of 


oxime 100 cc. of water be added together with 20 C0. of strong sulphuric 
acid and the whole distilled gently till 50c.c. of distillate are collected 
there will be obtained the solution which throughout this communica- 
tion is referred to as “a fresh solution of diacetyl.” Dimethyl glyoxime 


is listed by dealers in pure chemicals so that the preliminary synthesis of 


diacetyl can be avoided, and diacetyl can also be obtained. 


Technique. The ammonium salts and probably some other substances : 
in urine inhibit to a certain extent the production of the pink colour 
from creatine and diacetyl. It was found, however, that although the 


colour produced under standard conditions by 2 mgm. of creatine in 


10 ce. of urine was not nearly so intense as that produced by 2 mgm. of 


creatine in 10 c. of water, yet if two samples of urine were com- 


pared after adding equal qualities of creatine to each, the 
increase of colour due to the creatine content was the same 
in both cases. This was tested repeatedly and it was found in practice 


that this, subject to certain restrictions given below, worked out very 
well, 


The method is to take creatine-free normal urine and add known 
amounts of creatine and, by trial, discover what amount gives the same 


colour with diacetyl in normal urine that the unknown quantity does in 


the urine under investigation. It is also arranged that an exact com- 


pensation is made for the difference in colour between the normal urine 


and the urine examined. No method involving the measurement of 
depth of tint is applicable for reasons which are given in the footnote 
at the bottom of p. 304. | : 5 

They are all heated and set to cool as has been described. The teac- 
tions in those tubes containing diacetyl are now considered complete. The 
contents of A and N are mixed and 60 also those of Band N: Cand N: 
D and N:; and P and M, and filtered if they are not already perfectly clear. 
This filtration is important as any precipitate masks the true depth of 

v. Pechmann. Ber. xxm. p. 2437. 1890. pre 
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colour of the solution. The filtrates are collected in test-tubes of even bore, 
or better in Nesslerising glasses and the particular one PM compared with 
the others, The comparison gives directly the creatine content of the urine 

investigated. Should PM be darker in colour than ON it contains more 
than 8 mgm. in 2 C. and a fresh determination must be made with 
the urine suitably diluted. The dark red colour obtained when the 
creatine in PM is more than ‘8 mgm. (4 mgm. in 10 cc. of urine) 
cannot be readily compared with DN, neither do the results obtained 
with such concentrated creatine solutions have much value. If the con- 
tents of the two tubes which match—say CN and PM—be considered, it 
will be seen that each contains the same amount of urinary pigment 

and that in éach case the reaction took place in urine. It is, therefore, 
concluded that the creatine present in both cases is the same, i.. 2 C0. of | 
the urine examined contains the same amount as that in tube C, * 
is 5 mgm. 

Ten test-tubes are placed in a rack and filled as indicated in the diagram. 

2 0.6, normal urine, 2 ¢.¢. sat. sod. carb. soln., creatine as 2 b. 0. normal urine, 2¢.c. sat. 


shown below, 8 drops diacetyl, water to 6 0. o. sod. cath, soln., water to 6 o. o. 
0-0 mg. creatine creatine ‘Sig. crentine§ ‘Smeg. creation 
A Cc M 
N N N 8 p 
| 20d urine under examina’ 2 0.0. sat. sod. carb. 20. e. urine under examination, 
soln., ci a 2 0.0. sat. sod. carb., 8 drops 


diacetyl! soln., water to 6 


If the determination has been correctly performed it will be seen 
that 

1. The colours of the tubes A, B, C, D after cee e cooling 
are progressively darker. =. 
2. The contrast between A and M in colour is ASS more marked the 
less fresh is the specimen of diacetyl employed. It should be much less 
than and readily distinguishable from the contrast between B and A. 

In the case where the urine under examination and the normal urine 
are of the same colour, or nearly the same colour, the precautions to 
correct for this difference need not be applied and only the tubes 
A, B,C, D and P need be prepared. A comparison of P ron te others 
gives the result. 


Colour due to polymerisation of diacetyl. Considerable difficulty i is 
encountered in that diacetyl itself polymerises very rapidly in alkaline 
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solutions, een a brown pigment, which renders the quantitative 
observation of the pink colour due to its reaction with creatine less 


accurate. Excess of diacetyl is, therefore, to be avoided and the total 
colour in any case is due to 


the colour of the urinary pigment under the standard conditions | 


of the experiments ; 
2. the colour due to the diacetyl-creatine reaction; 
3. the colour due to the polymerisation of the excess 3 of diacetyl. 


Of the fresh solution three drops are sufficient to give a graded 


inereasing depth of pink colour in tubes containing from ‘2 to 8 cn 
bee creatine under the standard conditions laid down. 
The colour due to polymerisation of the excess will scarcaly te 


8 unless an endeavour is made to measure its depth by a colori- 


meter of any kind’, If the diacetyl solution is kept it undergoes some 
change, probably a condensation, and the depth of the pink colour given 


with a certain amount of creatine under standard conditions diminishes. — 


As the solution gets older, therefore, it is necessary to employ more and 
more of it, and as it retains its property of turning brown with alkali 
unimpaired, a time ultimately arrives when the brown pigment becomes 
really troublesome and it is found advisable to commence again with a 


fresh preparation. One sample can be used conveniently for a month 
and for rough work for much longer if the operator is experienced in - 


reaction. 
The nature and amount of the alkali used. A number of trials were 


made before it was decided to use 2 Cc. of saturated sodium carbonate — 


solution in each tube. Stronger alkali converted some of the urinary 
creatinine. into creatine during the process of warming for one minute 


and subsequently standing to cool; on the other hand, the pink colour 
is not developed if the liquid is not sufficiently alkaline. It was decided 
to use a strong sodium carbonate solution instedd of a weak causticsoda 


solution, because the ammonium salts in the former case — to a 
lesser extent the inhibiting action described below. ; 


Effect of ammonium salts in urine. It was observed r 


‘When such an attempt was made it was at cnce seen that the change of edlotir from 
tube to tube was not only a change of intensity but also of tint as opposed to célour 


density. A true colorimetric process of which the Folin method is an admirable example — 


is based on the assumption that throughout the solutions examined, tint, as opposed ‘to 
depth of colour, is constant: it is clearly impossible to determine the equality.or in- 


cases are different, i‘ 
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to the creatine-diacetyl reaction were less when the creatine was contained 
in urine than when it was contained in water. This is apparently due 
to two causes. The presence of ammonium salts interferes with the 
reaction, and experiments were made in which the free ammonia in the 
urines examined was determined by Folin’s method. Corresponding 
amounts of ammonia were added to some determinations of creatine in 
water, using, as usual, 2 c. of saturated sodium carbonate solution, 
diacetyl and water to 6 cc. It was found in each case that the colour 
obtained was materially diminished by the ammonia added. To a 
number of samples of normal urine giving no indication, by this method, 
that creatine was present, known amounts of creatine were added. They 
were compared one with another by the method given, and it was found 
roughly that those with the highest free ammonia content gave the least 
increase of colour with diacetyl and alkali under standard conditions, 
and vice-versa. The accord was not perfect, and this led me to seek for 
the disturbing factor. 

From some normal urine phosphates were removed by baryta, and 
free ammonia by adding sodium carbonate and the passing air for some 
hours*. It was found that creatine added to the resulting solution still 
gave slightly less colour than it did in water. The second substance 
having the same effect as free ammonia is, together with urinary pigment, 
removed from urine by animal charcoal. It is not extracted by ether, 
and in this respect differs from the substance recently found in urine by 
Buckmaster’, which inhibits the pseudo-peroxydase reaction for blood. 
Removal of albumen. Protein gives the pink colour with diacetyl 

and alkali. To remove it I found trichloracetic acid satisfactory. It 
does not effect the reaction except in so far as it neutralises the sodium 
_ carbonate present. It should be added equally, of course, to all the tubes 
to which diacetyl is added. 

Comparison of results obtained by the Fo“ n method and the diacetyl 
method above described. The method universally adopted is that of 
Fiolin“ in which the total creatinine before and after acid hydrolysis is 
estimated by the technique elaborated by him. Although this pro- 
cedure postulates several debateable points, and is a determination 
involving the small difference of two measured quantities, it proves in 


Folin. Zuck. Physiol 5. 238, 1504. 

2 Matthew Steel. Journ. Biol. Chem. vm. p. 365. 1010. 
* loc, cit. 
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has been altered very little by subsequent observers. E. Mellanby' 


‘advocates plotting a curve once and for all, thus obviating the necessity 


of repeating the determination should the readings fall outside the range 
5—12 mm. as Folin recommends. In connection with this curve it 
would appear at first sight that the accuracy of the determination is 
much greater with dilute than with concentrated solutions, but the fact 
that when the solution is more coloured the colorimeter can be adjusted 


with correspondingly greater accuracy leaves the order of magnitude of 
the error in reading constant over a very considerable range. The 


personal factor is a very great one in this method and a recent 
criticism by Taylor’, advocating a standard illumination, is very much 
to the point. 

The results given are for a number of pathological urines kindly 


supplied by Dr E. Mellanby, whose creatine determinations by the 


Folin method I have his permission to quote. e 
TABLE I. | 


12 | 
5°5 51 
2-8 2˙5 
11 
4 
20 | 8-0 
45 3˙0 
15 
2°7 ‘80 
8°5 
5-2 
44 greater than 60 
5˙4 ‘ 
84 | 4°5 
8° 80 


Such differences as exist do not point to any consiatently higher 


values being given by one method than by the other. Further experi- 
ments are required to show which is the more accurate method of 


creatine determination. The absolute accuracy of the diacetyl method is 
possibly of the same order as that of the method of Folin. It might 


be considerably increased if the free ammonia of the urines was in each 
case determined and made up to a constant quantity. 5 ee 


E. Mellanby. This Journal, XXVI, p. 453. 
A. E. Taylor. Journ. of Biol. Chem. pp. 19-20. 1911. 
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CREATINE IN URINE. 307 
the reaction, The reaction with diacetyl and alkali is given not only by 
creatine, but also by arginine and any protein containing arginine’. How 
much arginine is required to give, under the conditions of experiment 


adopted, the same colour as 1 mgm. of creatine has not been determined. 


An attempt was made to compare the creatine content in urine before 


and after acid hydrolysis, but the deep pigmentation of the urine when 


heated with acid made this impossible. W. H. Thompson’ failed 
to obtain arginine in the urines which he examined, and 1 think it 
probable that any investigation of the occurrence in urine of a substance 
other than creatine containing the particular atomic linking to which the 
reaction is ascribed, will be considerably facilitated by the comparison 
of the Folin and the diacetyl estimations. Arginine does neé reduce 
alkaline picrate solution. It may possibly happen that further work on 


this subject will demonstrate how far the differences in these creatine 
_ determinations are due to experimental error and to what extent they 


may be used to show in urine the presence of other substances containing 


in their structure the particular atomic linkings upon which the diacetyl 


reaction depends. 
A Clinical Method. For an approximate determination of the 


amount of creatine in a sample of urine I would recommend the 


following method. 
Four test-tubes are taken and filled as indicated: 


(2 3) 
2 0.0. at. sod. carb. 2 8. sat. carb. 20.0. sat. od. carb. 20.8. sat, sod. carb. 

soln. soln, soln, soln. 
20,0. normal urine. 2 0.0. normal urine. 2 C. o. urine under 2 0.6. urine under 
8 drops fresh diace- -4mg.creatineinsoln. examination. examination. 

tyl soln, B drops fresh diace- . 6 0. o. 8 drops fresh diace- 
Water to 6 c.c. tyl soln. tyl soln. 

Water to 6 ¢.c. Water to 6 0. o. 


All are put into boiling water for one minute and then examined. 
It is seen that (1) is scarcely altered, (2) has developed a bright pink 
tinge, (3) is not. changed, and on (4) the diagnosis depends. If it is 
seen, however, that (4) does not show the pink tinge that (2) does when 
compared with (1), then it can be concluded that there is no creatine 
present. The development of a pink tinge in (4) can be taken as 


indicating the presence of creatine in amount which ony be judged by 


1 Harden and Norris. This Journal. 
2 W. H. Thompson. This Journal, xxxm1, p. 106. 
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observing tube (2), which is known to owe its colour to 2 mgm. in 10c.c. 


of urine. Diacetyl has been placed in (1) in order that the increase of 
colour, due to its polymerisation, may be observed and may not be 
mistaken for the distinct 


‘The pink given in solution ousting not 
creatinine when a trace of diacetyl is added has been utilised for the 
quantitative estimation of creatine in urine. 
The method is simple and rapid aad it has been found possible after 
adding creatine to urine to measure with a fair degree of accuracy the 
amount added, Comparative results of a number of pathological urines 


in which the creatine was estimated * both the Folin and the — 
— are also given. 
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THE ACTION OF TRI-VALENT IONS ON LIVING 

CELLS AND ON COLLOIDAL SYSTEMS. II. 
SIMPLE AND COMPLEX KATIONS. Br GEORGE — 
MINES, Fellow of Sidney Sussex Cambridge. 


(From the Physiological Laboratory, Cambridge.) | 


Action of simple tri-valent positive ions on the heart. 


In previous papers! I have shown that salts of the rare earths 
lanthanum, yttrium, cerium, erbium and praseodymium agree precisely 
in their action on the heart of the frog. Through the generosity of 
some of those chemists who have isolated them I have been able to 
experiment with several other of these. precious substances. Dr C. 
James, of New Hampshire College, was good enough to send me salts 
of neodymium, samarium and thulium. Fig. 1 shows the effect of a 
solution of neodymium bromate containing 00001 M Nd per litre, 
The experiment, which was twice repeated with similar results, confirms 
the conclusion as to the action of neodymium drawn previously from 
a comparison of the activities of didymium and praseodymium (cf. 
Fig. 2). 

Samarium chloride sa thulium chloride exerted the same 1 ol 
action in the same concentration. 

Prof. Urbain, of the Sorbonne, very kindly gave me specimens of 
the oxides of dysprosium, neo-ytterbium and gadolinium in addition to 
another sample of samarium. Solutions of the chlorides of these 
elements diluted with neutral Ringer to 00001 M all exhibited the 
same powerful action on the heart. Compare Figs. 3, 4, 5. 8 
The eleven tri-valent rare earths whose action I have so far 
described appear to have pretty closely the same degree of activity as 
regards their influence on the frog’s heart. Experiments made with 4 


827. 1910; Pr, Phys Soe. 1910, 
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. of pure scandium, for which material I am greatly indebted to 
Sir William Crookes, showed that its activity was decidedly less 
than that of the other rare earths. Thus a solution containing 00005 M 
Sl, produced about the same effect as 00001 ErCl,. 00001 Se 
produced no immediate effect on the heart. The explanation of this 


| 30” 


— Frog’s heart pecfused by vena Effect of neodymium 
bromate, 00001 M in neutral Ringer. ö 


(@) 


A 
R= Beth :o0001/f R Dech ‘0000117 


Fig. 2. Comparison of the action of praseodymium and of didymium on the same frog’s 
heart. Between (a) and (b) the best was restored by perfusing sodium citrate “0001 M 
in Ringer, followed by neutral Ringer. Time in minutes. | 


difference is not far to seek. Scandium stands apart hens the rest of 
the tri-valent rare earth metals in that it is much more feebly basic. 
Thus its solutions are appreciably hydrolysed and react acid, resembling | 
in this respect aluminium rather than the rare earths with which it is 
grouped. 
There is no reason to suppose that the scandium or the aluminium 
ion is less active physiologically than the other tri-valent ions considered. 
The point is that, owing to hydrolysis, there is a smaller concentration 
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of Se“ in a 00001 M solution of Scl, than there is of ¢g. La in a 
00001 M solution of LaCl,. Part of the scandium ion is replaced by — 
the chemically equivalent amount of hydrogen ion, and this as I have 
shown before, is distinctly inferior with regard to its physiological 
activity on the heart. : 
The very great physiological activity of the hydrogen ion places 
_ difficulties in the way of studying the action of simple tri-valent positive 
ions other than those of the rare earths. I believe my experiments 
embrace a sufficiently representative collection of tri-valent rare earths 
to justify the opinion that the action on the frog’s heart, described i in 
detail elsewhere, characterises the group. | 


| vm 


Figs. 3, 4, 5. Instances of the action of samarium, thulium and dysprosium chlorides 


on different frogs’ hearts. The differences are not greater than those found in the 
action of one and the same rare earth acting on different hearts. 


At present I have made but few experiments on the mammalian 
heart, yet sufficient to show that here too the simple tri-valent positive 
ion is no less potent than in the case of the frog’s heart. Fig. 6 is from 
an experiment in which the coronary vessels of a rabbit's heart were 
perfused for five minutes with neutral oxygenated Ringer and then 
with the same solution containing 000005 M VCI, 

The injection of far greater doses into the blood stream of the 
antssthetised animal has but little effect. Thus for instance 2 cc. 1 M 
Lal caused no more than a transient fall of arterial pressure, though 
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here the concentration of rare earth in the fluid perfusing the heart 
immediately after injection. must have been of the order of 001 M. A 
similar result was obtained in an experiment on the isolated heart- 
lungs preparation of a cat in which the circulation of blood was 
maintained by the ingenious method of ne and Jerusalem’. | 


Fig. 6. Rabbit's heart. Coronary vessels perfused with neutral oxygenated Ringer. 
Effect of the addition of one five-hundred-thousandth gram-molecule per litre of 
yttrium chloride. 


The explanation lies probably in the alkalinity of the blood. The 
plasma contains a small but persistent excess of hydroxyl ions over 
hydrogen ions, and the hydroxyl ion very powerfully antagonises the 
action of the rare earths. It is also possible that the plasma proteins 
may adsorb the tri-valent positive ions, though a relatively large 
concentration of rare earth (about ‘02 M) must be added to the a 
before obvious pescipliation. occurs. 


In order to test further the question of a relation between ionic 
charge and physiological action I have made experiments with some 
complex tri-valent positive ions. 

Prof. Pope suggested to me that a of luteo-cobaltic 
I[Co( NH.) l, would contain the tri-valent positive radicle [Co N H.). 

Luteo-cobaltic chloride? has enormously less effect on the heart than 

8 of the rare earths. A concentration at least 100 times greater was 


1 This Journal, XL. p. 279. 1910. 
was oblaned from 
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needed to produce any effect on the heart. Even 001 M luteo-cobalt 

chloride was often without effect after several minutes’ perfusion. 
Fig. 7 shows a comparison with yttrium chloride in equivalent con- 
centration. A concentration of 01 M luteo-cobalt chloride brings 
about reduction in the amplitude of the beat, particularly of ~ 
* (see ig. 8), and sometimes diastolic arrest ensues, 


Erteo-cobalf chleride 


e Frog’s heart. Comparison of action of luteo-cobalt chloride with that of 
pate ehiceide, both solutions in concentration 001 M. 


900000 


Prof. Werner of Zurich has prepared a number of very N 

complex salts of cobalt and of chromium, some of which yield tri-valent 

ions in solution. He has been so good as to send me specimens of 
some of these substances of the following 2 


| ee - =) 


These substances all closely. 1 the luteo-cobalt salt in their 
action on the heart. Thus 00001 M and 0001 M solutions in neutral 
Ringer are without effect, while 001 M causes some reduction in 
systole, which is often very slight. I have not detected any constant 
differences in their activity when compared on the same heart. 

_ Figs. 7 to 10 will serve to emphasise the enormous difference in the 
activities with respect to the heart of the 8 8 and the — tri- 
valent positive ions. 


Werner. Neuere Anachavungen dem Gebiete der cnorgamiche Chemie, 
Braunschweig, 1909. 
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The evidence that these. substances dissociate in solution to yield 
these tri-valent ions, and that the complex ions are not further split, is 
derived from consideration of their chemical reactions, of their electrical 


conductivity and of the fact that by diffusion no separation of simpler 


components can be effected. The experiments described on a subsequent 
page, showing that in the precipitation of many colloids these solutions 
are fully as powerful as those known to contain simple tri-valent kations, 


afford fresh grounds for the belief that the solutions indeed contain the 


tri-valent ions in abundant concentration. 


From these experiments it is sufficiently obvious that the possession : | 
of three positive charges is not in itself a sufficient qualification for an 
ion to exhibit the action on the heart in concentration 00001 M which — 


: distinguishes the tri-valent ions of the rare earths. 


* 


Fig. 8. Frog's heart. Effect of luteo- oobalt chloride 01 M. Dee the two parts of | 


the tracing was an interval of 14 minutes, during which the luteo-cobalt solution ran 
through. Note the immediate improvement when plain Ringer was substituted. 


Here then appears an admirable opportunity for testing the hypo- ; 


thesis advanced in explanation of the similarity which exists between 
acids and rare earths in their action on the heart. It was shown 
_ experimentally that the neutral solutions of the simple tri-valent ions 
quickly cause a marked alteration in the ionic permeability of a 
membrane of gelatine, a change like that produced in the same 
membrane by acids; in both cases the changed condition is but very 
gradually removed by washing with sodium chloride solution but 
instantly by the use of a dilute alkali. Simple tri-valent ions and the 


on membrane. Any alteration in the tléctric charge of a 
of necessity alters its permeability. 


One pictures in the rhythmic activity of the bent a sale Meta- 


hydrogen ion are pre- eminently capable of conferring a positive charge 


bolism, abi the periodic liberation of —— within the cells. 
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The permeability of the surface of the cells will affect the diffusion of 
these ions, the escape of positive or of negative ions being relatively 
favoured or retarded, and consequently will influence the distribution ae 


* 


„%o 


B., NN 


N 
Fig. 10. Frog's heart. Action of luteo-chromium nitrate 001 M compared with 
| that of neo-ytterbium chloride -00001 M. : 


Fig. 9. Frog’s heart. Comparison of the action of two complex trivalent kations. 
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of electricity inside and outside the cells, Now the W is a 

function of the electric charge of the surface. 

3 ‘The question which presents itself at this stage is: will the * 
tri-valent ions, which we have seen to be so far inferior to the simple 


tri-valent ions in regard to their action on the heart, show any 
corresponding difference with respect to their activity in conferring — 


electric charges on surfaces? 

The methods by which I have sought to b N this point are 
three in number. 

(1) The method of concentration currents. By means of the 
apparatus described in a previous paper' I have measured the con- 
centration current set up by placing on the two sides of a membrane 


saline solutions of different strengths, the membrane being thoroughly 


soaked with one of them. The membrane used was thin sheet gelatine, 
or paper impregnated with gelatine. Before the experiment the mem- 
brane is soaked for several hours at least in eighth-normal sodium 
chloride solution. At the beginning of the experiment the whole 
apparatus is filled with the same solution. The deflection of the 
galvanometer (connected, by non-polarisable electrodes, fo the solution 
at some distance above and below the membrane) caused by directing 
a jet of eightieth-normal sodium chloride at one side of the sheet is 
observed. The gelatine is then removed, soaked in eighth-normal 
sodium chloride again for a few minutes, replaced, and the observation 
repeated, It is now removed, soaked in the solution whose action on 
the charge of the membrane is sought, washed in eighth-normal sodium 
chloride, replaced in the apparatus and tested again. If the charge 
of che membrane has been altered there will be a change in the de- 
flection produced, as may be seen from the following considerations. 

In Fig. 11 A and C represent two portions of NaCl solution M/8, B 
represents @ layer of NaCl M/80 between them. Suppose first the 
solutions are both free. Then from C, NaCl will diffuse into B, and 


since Ci moves with a. greater velocity than Na“ the region B will 


become negative to the region C. This change will be balanced by an 
equal and opposite separation of charges at the junction of A and B. 


If now the solution at A is contained in the meshes of a membrane 


exerting no constraint on the ions Na“ and CI the condition of things 
will be the same as before, but if the membrane tends to restrain the 
: diffusion of either of the ions there will be a difference of potential set 


1 Loc. cit. 
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up between A and B which will differ from that set up between B and 
(where there is no such constraint). Thus there will be a difference 
of potential between A and C and if these are connected —s by 
non-polarisable electrodes through a galvano- 
meter a current will flow. A factor which will 
cause the membrane to exert a constraint on ak: 
the escape from it of ions is its electric charge : C I NaCl + 
other conditions remaining the same, the sign 
and degree of the electric charge will determine [—~ : 
the direction and intensity of the current pro- B VCI 
duced. | 
As shown already’, the simple tri-valent ions, 
like the hydrogen ion, can reverse the current. A N. CF 
The complex tri-valent ions which I have tried 
are very much less active in this respect. Na Cle 
A few typical experiments may be quoted. | 
With the resistance of the membrane and ‘Fig. 11. 
the fluid in the electrodes a deflection of about | 
ten scale divisions was produced under the conditions of the experi- 
ments by a difference of potential of one millivolt. 
The + sign indicates that the current flowed through the membrane 


from the upper to the lower surface. 
Deflection produced 
33 
Removed membrane from apparatus, soaked in NaCl 1 for 
1’ and replaced ~79 
Soaked in “01 M for l. then in Nat changes, 
80” each i... + 8 
| Ana poe of material soaked in ~ 58 
Soakedin NaOI for 11 -77 
Soaked in [ Go 
two changes, 30” each ... 277 74 
(ii) Gelatine paper soaked in NaCl M /s. 
Soaked in NaCI M/s 1! 241 
Goakes Br, “01 M for 1’, hen in NaCl (8, two 
changes, 30” each me 28860 
Soaked in NaCl M/8 for 2’... — 43 
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The altered “positive” condition seems to be retained much longer 
by some membranes than by others, 


The following type of experiment was designed to test the suggestion : 


that the deflections obtained after the membrane had been treated with 
the rare earth solution were due simply to the diffusion of the residual 
tri-valent ions from the gelatine into the surrounding fluid, the diffusion 
into NaCl M/8 being supposed to proceed at a different rate from that 
of the diffusion into NaCl M/80. 


Deflection produced 
(iii) Gelatine paper, soaked in NaCl M/S. Apparatus filled with tt 
NaCl M/8. Deflection on introducing 2 0.0. NaCI M/80 at ine 
upper surface of membrane 2 222 
Removed membrane, soaked in La (NO,), M/100 in NaCl M/s. 

Filled apparatus with La (NO), M/100in NaCl M/8. Deflec- 
| 

NaCl M/80 at upper surface of membrane * +8 


Here the concentration of the tri-valent ion throughout the system 
was the same, hence the positive deflection cannot be ascribed to 


diffusion of the tri-valent ions. 
Under these conditions it becomes apparent that the complex tri- 


valent ion is not without effect, though it is very much feebler in its 


action than is the simple ion. 
(iv) Gelatine paper, soaked 2 days in NaCl M/8. re 


with NaCl M/8. | | 
8.46 p.m. 2 0.0. NaCl M/80 at upper surface... ‘ies -14 
Removed, soaked in NaCI M/8. : 
Apparatus filled with NaCl M/8. 

8.50. 2 0.0. NaOl M/80 at upper surface 2 -16 


Removed, soaked in Co(NH,), Cl, 01 M in NaCl M/s. 
Apparatus washed out and filled with this solution. ie 

3.56. 2 0. 0. Co (NH;), Cl, 01 M in NaCl M/80 at upper surface -10 
Removed, soaked in Co (NH,), Cl, ‘01 M in NaCl M/80. 
Refilled apparatus with same solution. 

4.2. 20,0. coe Cl, “01 Min NaCl M/80 at upper surface - 9 

Removed, soaked in same solution as before. 
Refilled apparatus with same solution. 

4.19. 20.0, Co (NH,), Ol, 01 M in NaCl M/80 at upper surface - 7 
Removed, soaked in same solution as before. 
Refilled apparatus with same solution. 


5.26. 2 0.0. Co (NH, Cl, 01 M in NaCl at surface 3 
Removed, soaked in NaCI M /s. 
Filled apparatus with NaCl M /s. 

5.82. 2 C. 0. NaCI M/80 at upper surface 20 
Removed, soaked in NaCl M/8. | 


Refilled apparatus with NaCl M /s. 
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5.40. 2 0.0. NaCl M/80 at upper surface we „ ee 

Removed, soaked in NaCl M/8. 
Refilled apparatus with NaCl M/8. 

6.8. 2 0.0. NaCI M/80 at upper surface ae 5 82881 
Removed, soaked in NaCl M/8. | 
Refilled apparatus with NaCl M/8. 

6.87. 2 0.0. NaCl M/80 at upper surface 88 
Removed, soaked in La (NO,), 01 M in NaCl M/s. 
Apparatus washed out and filled with this solution. 

6.48. 2 0.0. La NO)), 01 M in NaOCl M/80 at upper surface +10 


This experiment proves that the difference in the action of the 
simple and of the complex kations is not merely a difference in the 
speed with which they exert their influence. 

(2) Staining method. A less cumbersome method is suggested by 
the work of Bayliss! and of Larguier des Bancels*. Many dyes are 
charged colloids and on adsorptive relations between fabric and dye 
depend many of the phenomena of dyeing. Thus a negatively charged 
membrane stains with a positive dye like methylene blue while it will 
not retain a negative dye such as eosin. The reverse holds for a 
positively charged membrane. 

By this method it was easily shown that all the simple tri-valent 
ions of the rare earths, were, like the hydrogen ion, very potent in 
increasing the power of gelatine to retain eosin, while the complex 
_ tri-valent ions mentioned before were far less effective in this respect. 


To quote one experiment : 
Gelatinised paper, well soaked in distilled water, was treated thus 
A Water 9’ Eosin 2’ 
Toluidin blue 2 
Water, Water, 
B Eosin 
10 1M 2’ 8 changes ‘di 8 changes 
2’ each 2 sity 8’ each 
00 (NH), Oly 1M A Toluidin blue 
A and C, faint pink. A’ and O, dark blue. 
B, deep pink. 5 pale blue. 


‘It must be noted that in order to bring out clearly the difference 
in the action of these substances, it is necessary to prolong the final 
washing. 

I Biochem. Journ. 1. p. 175. 1906. 
2 C. R. de VAcad, Sci. oxtax. p. 316. 1909. 
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All the simple tri-valent ions mentioned in connection with che 
work on the heart were found to act as powerful mordants for gelatine 
towards eosin. The complex ions 7 5 


[00 [0 . [00 


which were tested by this method had much less influence on the 


gelatine. Babs 
Using agar-agar instead of gelatine this difference is no longer 


apparent. Luteo-cobalt chloride affects the staining of agar apparently 


to much the same degree as do solutions of the simple tri-valent ions. 
This fact, that the capability of an ion to confer a charge on a 
surface depends on the nature of the surface as well as on that of 
the ion appears in a most striking fashion in the experiments which 
follow. 
(3) Method of colloidal precipitation, Hardy has taught us that 


the precipitation of a colloidal solution by electrolytes depends on the 


neutralisation of the electric charges of the particles. The statement 


is sufficiently familiar that the precipitating power of a positive ion for 
negative colloids depends primarily on the valency of the ion. Com- 
paring the powers of the simple and of the complex tri-valent positive 

ions in precipitating various negative colloidal solutions, I find that in 


many cases the complex ion is quite as potent as the simple ion—an 
interesting confirmation of the “ Law of the ions.” 


But there are several cases where the complex is vastly inferior to 


the simple tri-valent positive ion in precipitating power. | 
Red colloidal gold, which by the addition of electrolytes is turned 
_ blue through aggregation of its particles, is affected slightly more by 
the complex than by the simple ions. Thus taking two portions of 
5 cc, red colloidal gold and adding to the first one drop of 150 ¥Cl,, to 


the second one drop 100 Oo (N.) Cl,, the latter mixture turns blue 
faster than the former. Using five drops of each, the change is 
instantaneous in both cases. The same is true of the other simple 
and complex ions which have been mentioned in this paper. 


With colloidal solutions of the sulphides of antimony and of arsenic, 


the complex ions are quite as powerful as the simple ions in causing 


Li — 
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The same holds for a suspension of clay in distilled water. A 
colloidal solution of Nastvogel’s osazone, for which material I am 
indebted to Dr Fenton, also shows the same sensitiveness to both 
simple and complex tri-valent ions. An ordinary infusion of tea forms 
a convenient negative colloidal solution. Its tannin and pigments 
are thrown out more readily by the complex than by the simple 
tri-valent ion. The first change in tea is beautifully seen if the tubes 
are viewed by reflected light. Three drops of a hundredth-normal 
solution of either of the complex ions produced a change in 5 c.c. of 
this solution equal to that caused by ten to twelve drops of a solution 
of lanthanum or of thulium of the same ionic concentration. | 

Silicic acid is made to gelatinise more quickly by the complex than 
by the simple tri-valent kation. On the other hand, a suspension of 

resin prepared by pouring a large quantity of water into an alcoholic 
solution of colophony, or by adding the alcoholic resin solution to 
water, was found to be more sensitive to the simple than to the 
complex ions. Thus on adding to 5 c.c. of the milky fluid one drop of 
an M/100 rare earth solution there was immediate precipitation, while 
four or five drops of M/100 solution of the complex ions were needed to 
produce the same effect. 

We are interested chiefly, however, in differences of a greater order 
of magnitude than these, and for our present purpose all the colloidal 
solutions mentioned thus far may be classed together as being very 
sensitive both to simple and to complex tri-valent kations. 
Turning now to some other colloidal solutions an extraordinary 

difference appears. Egg-white, diluted ten times with distilled water 
and filtered, is readily precipitated by the addition of simple tri-valent 
ions in low concentration, but is unaffected by even large concentrations 
of the complex ions. 

For example 


ted 1 drope, Yl, opalescence. 


99 93 99 25 LaCl, 01 M eee 
” 55 55 TmCli 01 M 

” ” 5 ” Co (NH, Cl, ‘01M no effect. 

20 drops 99 no effect. 


If the egg-white is previously boiled and cooled it becomes almost 
as sensitive to the complex as to the simple tri-valent ion. | 


Dilated egg-white, 5 o., 3 drops La(l, ‘1M 


> “9? Co (NH Cl, 1 M no effect. 
Boiled diluted egg-white, ö ¢.0., 2 drops LaOl, 1M dense ppt. 
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; We have here 8 clear demonstration of the fact that in the 


precipitation of colloids by tri-valent ions it is not the valeney alone 
of the ion which determines its activity. 

Hirudinised plasma behaves like unboiled egg-white in that it is 
precipitated by the rare earth but not by the complex tri-valent ions. 


The same I found to hold for a very carefully dialysed solution of oxy- — 


hemoglobin, which Mr Barcroft kindly gave me. 
We may group the colloidal substances tested under two headings 


Sensitive to simple and to | e Sensitive to simple but not to 
Colloidal gold | | Hirudin plasma 5 
„ Diluted egg- white (unboiled) 

„  Nastvogel’s osazone 
Boiled diluted egg-white Emulsion of olive oil in water 
Silicio acid 

| Gelatine 
Clay suspension 
Resin suspension 
(Agar-agar) 


Whatever may be the explanation of these 3 they indicate 
at least the possibility of the reduction to a problem in physical 
chemistry of the difference in physiological action of the eimple 88 
of the complex tri-valeft kations. 

Following up the hypothesis advanced to account for the action 
of the hydrogen ion and the rare earths on the heart I am led to the 
following conclusion: that the frog’s heart contains some colloidal 
constituent which in some fundamental respect resembles the colloids 
placed in the second of the above groups rather than those in the first. 


It may be remarked that the sols in the first of these groups belong 


to the suspensoid type of colloids, those in the second group to the 
emulsoid. Further, the distinction holds between obvious suspensions 
and emulsions. 

It is significant that an emulsion of oil in water differentiates 
between the simple and the complex ions. Such an emulsion, prepared, 
according to the directions of Gengou’, by adding olive oil to distilled 
water made very slightly alkaline with sodium carbonate and afterwards 

neutralising, forms a flocculent precipitate on the addition of a low 


: * Bordet. Studies in immunity, p. 822, Wiley & Sons, New York. 1909. 
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‘concentration of either of the rare earth solutions but not with the 


complex salts’. 
Thus for instance 


60.0. olive oil emulsion +2 drope M10 lanthanum nitrate. floceulent precipitate. 
” „ „ 72 „ ” Iuteo-cobalt chloride no precipitate. 


” 55 „ 46 „ ” ” „ ” 55 
” +10 ” ” ” ” 
+6 0. o. Iuteo- cobalt chloride 1/10 
75 55 +5 0.0. water co 1 drop of M/10 dense flocculent 
cerium nitrate in 10 0.0. tate in less than 1’. 


Experiments with other of the salts under consideration yielded 
similar results. The simple ions are at any rate more than 170 times : 


as powerful as the complex in causing this precipitation. 


The difference between the suspensoid and the emulsoid solutions 
is a difference in the nature of the surface of separation between the 
two phases. There is probably no rigid line of demarcation to be drawn 
between the two classes. Hardy finds from consideration of the 
capillarity of their solutions that agar differs from gelatine in the 
direction of more nearly resembling a suspensoid. 


_ Relation between action of hydrogen ion and simple tri-valent 
bation. 


It may be recalled that the ground for suggesting that the action of 


the tri-valent ions of the rare earths on the heart is due to their power 
to charge a surface positively was the close parallel shown between their 


action and that of the hydrogen ion both on the heart and on a gelatine 
membrane. Some further deduction as to the nature of the surfaces 
with which we have to deal in the heart must follow from this argument. 
It is not with all colloids that the hydrogen ion shows an activity at all 
comparable to that of the simple tri-valent kation. Thus Picton and 
Linder found that the hydrogen ion was only slightly more active than 
the sodium ion in precipitating colloidal arsenious sulphide, a concentra- 
tion of H. of the order of 1000 times as great as of Al: being needed 
to bring about the same precipitation. 

1 The same thing is shown well by diluted milk. 

2 It was hoped that further evidence might be obtained by utilising suspensoid and 
emulsoid colloids of the same components—according to the methods of Friedlander 
(Z. physik. Chem. XVIII. p. 482) and of von Weimarn (J. Russ. Phys. Chem. Soc. 
XXVII. p. 268. Abs. J. C. S. (ii), p. 1046. 1910). Unfortunately the emulsoid prepara- 


em by thane authors contin high percentage of aleohol, and luteo-eobalt 
chloride is precipitated by alcohol. 
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324 0. R. MINES. 
There are other sols familiar to the chemist which require a 
concentration of the H- ion at least several hundred times as great 


as of the tri-valent kation to produce the same result. In my own 
experiments a molecular concentration of HCl 700 times as great as of 


either of the simple or complex tri-valent ions mentioned in this paper 


is required to: produce precipitation in colloidal arsenious.sulphide, while 
with colloidal gold the concentration of HCl needed to turn the red 
solution blue is 400 times as great as that required of any tri-valent ion. 

Quite otherwise is it with many other colloids. Fenton and 
Wilks’ have lately drawn attention to a colloidal form of Nastvogel’s 


osazone (CH(N,HPh).C(N,HPh). COOH), which is remarkably sensitive 


to the hydrogen ion as compared with the sodium ion. Using some of 


this material, which Dr Fenton kindly gave me, I found that 3 drops 


‘01 M Vl, produced the same change in 5c.c. of the solution as did 10 
to 15 drops of HCI 01 N. That is to say, the chemically equivalent 


amount of the hydrogen ion is only just inferior to the simple tri-valent 


ion in the precipitation of this colloid. 
A fine suspension of clay in distilled water is even more sensitive to 
the hydrogen ion as compared with the tri-valent kation. Thus 3 drops 


of O1 N HCl added to 5 ci. of the suspension caused very much more 


settling in two hours than did 1 drop of 01 M Il, while 1 drop of 
01 N HCI produced exactly the same effect as 1 drop of 01 M VCI, 
Control tubes showed no settling. The clay suspension is thus actually 
more sensitive to the hydrogen ion than to the chemically equivalent 
concentration 1 the tri-valent kation, = ion H' having the same effect 
as the ion 


Dialysed ae. solution was rendered turbid to the same 
degree by adding to 1a of the solution 2 drops of ol M YCi, or6drops — 


of ‘01 N HCl. 
Similarly, boiled egg-white solution shows a sensitiveness to the 


hydrogen ion not far removed from its sensitiveness towards the tri- 


valent kations. 


1910. 
2 Incidentally it may be noted that the clay suspension is only about 95 times more 


_ sensitive to the hydrogen and the tri-valent ions than to the sodium ion, while, as Fenton 
has shown, the osasone is about 300 times as sensitive to the hydrogen ion as to the 


sodium ion. These and other observations recorded in this paper indicate the limitation 
of the quantitative expression of the influence of valency in the precipitating power of an 


ion to the particular colloids for which it has been determined; they render further 


quantitative work on the subject, with the employment of a greater variety of colloidal 
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Perrin has shown that a variety of insoluble powders have their 
electric charge altered by a small excess of hydrogen ions in the 
solution pervading them, while it is unaffected by other mono-valent 
| Vv 

In the same way the electric charge of gelatine is most readily 
influenced by small alterations 1 in the hydrogen ion content of the fluid 

in which it is placed. 

: Thus it appears that a widely diversified collection of colloids has 
this property in common; that their sensitiveness to the hydrogen ion is 
almost as great as their sensitiveness to the tri-valent kation. It is at 
present unknown on what property this character may depend. Its 
possession by such a material as suspended clay makes one hesitate to 
believe that in the case of the protein solutions it is due to salt forma- 
tion between the amphoteric protein and the acid. It may, perhaps, 
rather be conceived as some physical peculiarity of surface. Whatever 
this peculiarity may be, on our hypothesis the conclusion is inevitable 
that it must be possessed by some colloid in the heart. It must be 
noted, further, that the ratio of the concentration of hydrogen ion 
to the concentration of tri-valent ion needed to produce the same 
effect shows considerable differences within the group, and it is not 
unreasonable to hope that a knowledge of the relative activities of these 
ions on living tissues may lead eventually toa clearer definition of certain 
of their constituents’, 


I bare dwelt before on the suggestion that the action of the hydrogen 
ion and of the tri-valent ions on the heart is due to their altering the 
permeability of the surfaces of the cells by modifying the electric 
charges of these surfaces. , 


1 It is worthy of notice that this difference in relative sensitiveness to the hydrogen 
ion explains certain anomalies observed in the precipitating power of salts which undergo 

dissociation. Thus for instance salts of the di-valent beryllium, which are 
hydrolysed, precipitate boiled egg-white solution far more readily, but affect colloidal gold 
less, than the corresponding salts of magnesium which are not hydrolysed. In the 
beryllium solution some of the Be ions are replaced by the chemically equivalent 
concentration of H ions. On the egg-white solution the hydrogen ions have much 
more effect, on the gold they have much less effect, than have the di-valent ions. For 
similar reasons the activity of aluminium and scandium as compared with that of 
the colloid on which they are tried. | 
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It remains to show in what respects this hypothesis accords better 
with the observed facts than does the assumption which a p 
section naturally suggests, and which is not, at first blush; incompatible 
with the observations so far recorded, namely, that the hydrogen ion and 
the tri-valent kations act on the heart by causing precipitation of some 
of its colloidal cell-constituents. | 
In the first place the very prompt onset of the action on perfusion 


of the rare earth suggests that the ions have not to wander far into the 
cells to exert their action; if they had to do so it is difficult to imagine 


the tri-valent ion possessed of such stupendous potency that in spite of 
its much slower migration velocity it could yet outstrip the hydrogen 
ion in the manner which actually obtains. An action on the cell surface 
presents no such difficulty. 

Next must be considered the perfect reversibility of the effect on the 
heart by the hydroxyl ion and by certain tri-valent anions’. Although 
a change in state of aggregation in certain cases may be reversible, yet 
easy reversibility of a coagulum is rather exceptional. On the other 
hand the reversal of the charge on an extended surface or membrane is 
effected with ease and may be repeated any number of times, for here 


mechanical limitations prevent the alteration of electric charge from 


modifying the state of aggregation of the material. 


But apart from these considerations the hypothesis advanced offers 


a reasonable explanation of the relation between the action of the 


hydrogen and the tri-valent ions and that of the potassium ion. It is 


well known that the action of potassium on the heart is to stop it in 
diastole. The phenomena preceding the arrest are very similar to those 
witnessed in the action of the hydrogen ion or of the tri-valent kations. 
Thus there is progressive reduction in the systole and not infrequently 


the ventricle misses beats*. The great points of difference lie in the dose 


required to produce the effect (which in the case of potassium is at least 


100 times as great as of the hydrogen ion and about 1000 times as great 


as the simple tri-valent kation), and in the conditions under ‘which 
recovery of the beat occurs. 

After arrest by neutral Ringer's solution containing an excess of 
potassium, restoration of the beat takes place promptly on changing the 
perfusion fluid to Ringer without the excess of potassium, while with 
acid (as Gaskell showed long ago) and with the simple tri-valent 


1 The action of t-valent anions on the heart and on colloidal systems wil be detailed 
in a sequel to this paper 


2 Of. Mathison, Pree. aur Soc. This Journal, XII. p. xix, 
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kations the effect as a rule persists for a long while during the subse- 


. quent perfusion of neutral Ringer. These points are illustrated by 


Fig. 12. 
Il as there is much reason for thinking, there arises at any stage in 
the cycle of chemical events concerned in a heart beat a difference in 
the concentration of diffusible electrolytes inside and outside the cells, 
this difference of concentration will lead to a difference of electric — 
potential between the inside and the outside of the cells, or to a change 
in the previously existing potential difference. It is conceivable that such 


T 


R YbCl,:00002M 


flor | | af ter 
|| to’ 
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Fig. 12. Frog's heart. Comparison of the action of potassium and of neo - ytterbium. 

Note the difference in the recovery during the perfusion of neutral Ringer. 
an alteration in potential difference might cause a change in the surface 
of the cells, modifying their shape and thus directly causing mechanical 
movement (just as a minute change in potential difference between the 
mercury and the acid causes movement in the capillary electrometer), 
but whether this idea finds acceptance or not, it can hardly be doubted 
that the electrical change indicated must play some part in the mechanism 
of excitation or of contraction. 

Now the potential difference could be modified in two distinct ways 
by substances applied outside the cells, (1) by the addition to the sur- 
rounding fluid of some rapidly moving ion which, by diffusing into the 
cells, would introduce its own electric charge, (2) by the addition to the 
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fluid surrounding the cells of substances capable of altering the relative 
permeability of the surface of the cells to positive and to negative ions. 


The alteration of potential difference produced in the first way will 
quickly disappear when the excess of rapidly moving ion is removed 


from the environing fluid. From what is known so far as to the 
behaviour of charged surfaces it is to be expected that the alteration 
of potential difference induced by the second method will persist for a 
considerable time after removal from the surrounding fluid of the agent 
which induced the change. 

I suggest that potassium produces its effect on the heart by acting 
in the first of these two ways. By raising the concentration of potassium 
chloride around the cells we are raising the concentration of the fastest 


kation in the system (excepting the hydrogen ion). This of necessity — 


increases the number of positive ions relatively to the number of 


negative ions diffusing into the cell in unit time and so must alter the 


difference of potential between the inside and the outside. 

An ion capable of influencing the electric charge, and so the per- 
meability of the surface of the cells, could indirectly modify the potential 
difference between the inside and the outside of the cells by exerting a 
constraint on the diffusion of the positive or the negative ions of some 
electrolyte which is conceived to be liberated within the cells at some 
point in the cycle of events which constitutes a heart beat. 

In the heart we have surfaces accessible to the influence of the 
hydrogen ion and to that of the simple tri-valent kation. 

By virtue of its great mobility the hydrogen ion occupies a unique 
position. Solutions containing it in excess of OH (ie. acid solutions) 
may influence the potential relations between the inside and the outside 
of a cell in either of the two ways we have named. It must be recalled 
that the second method can hold only where some difference of ionic 
concentration between the inside and the outside recurs from time to 
time in the normal behaviour of the tissue. This condition, there is 


good reason to think, holds good for the beating heart, and here the 
hydrogen ion shows most striking resemblances in its action to that of 


the simple tri-valent kation. Now while these ions, the hydrogen ion 
and the simple tri-valent kation, are able to act alike in charging a 


surface positively and thus to produce the same kind of modification 


of an already existing potential difference, it is to be expected that, 


applied to a surface where no difference of concentration exists, they 


will produce dissimilar electrical effects. For the hydrogen ion moves 
much faster than any other ion, the tri-valent kation moves slower 
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than most ions found in the usual natural or ee environment 
of living cells. 

The question of the action of the hydrogen i ion on skeletal muscle 
will receive detailed consideration in a subsequent paper by Miss Dale 
and myself. Here I will only allude to the fact that its action on 
skeletal muscle differs profoundly from the action of the tri-valent 
kations. Concentrations of H' from 005 N upwards cause strong tonic 
contraction in skeletal muscle and a primary rise in electrical irritability, 
while the tri-valent kations produce neither of these effects. On the 
other hand the H' ion shows striking resemblances in its action to that 
of the potassium ion. The relative concentrations of H- and K- needed 
to produce similar effects on frog’s skeletal muscle are in the ratio 1:5, 
1.6. inversely as their ionic velocities, It is highly probable that the H. 
ion does not act primarily on skeletal muscle by modifying the charge 
of surfaces, but rather by creating a difference of potential through 
the excess of its own velocity of migration through a membrane over 
that of its accompanying anions, The experimental evidence for this 
conception will be detailed shortly. 

For the present I wish to emphasise these facts. While the indirect 
effects of the hydrogen ion and the tri-valent kation on a system 
involving surfaces with differences of ionic concentration independently 
arising, may be alike; their direct action on a system similar, but 
without independently arising, differences of ionic concentration may 
be entirely opposed. The experimental demonstration of this fact is a 
matter of the utmost simplicity, with the 8 88 * desoribed. 
The following results are typical. 


Material : The pieces are 
marked a, b, c, d. The apparatus filled each time with fresh NaCl /s. 


Direct effect : 


(d) HCl M +7 
Indirect effect 
le) NaCl M/80 864 
Treated with 11 for 1’, washed 
in NaCl M /s, two changes, 30” each +10 
Troested with HCl +1 M for 1“, washed in 
Nadi M/8, two changes, 80” each is +18 
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SUMMARY AND CHIEF CONCLUSIONS. 


Eleven simple tri-valent kations which have been tested agree in 
producing diastolic arrest of the frog’s heart when perfused in neutral 
solution at a concentration of 00001 M. 

Five complex tri-valent kations which have been examined scarcely 
affect the heart even in concentrations one hundred times greater than 
the concentration of simple tri-valent kation needed to produce arrest. 
In still higher concentrations they may produce diastolic arrest. 

Many negative colloidal particles have their electric charges in- 
fluenced at least as readily by the complex as by the simple tri-valent 


Rkations. But it is shown by three distinct methods that certain., 


negative colloids (and these of a type more akin to body proteins than 


the other class) which have their charge neutralised or reversed with 
great ease by the simple ions are yet unaffected or affected to a very 


much smaller extent by the complex ions. 

The colloids which differentiate between the simple and the complex 
ions belong, so far as can be made out from the evidence at present 
available, to the class of emulsoids'. An emulsion of oil in water is 
precipitated by the simple but not by the complex ions, while a 


suspension of clay is precipitated as readily by the latter as by the 


former. 


The ratio of the activity of the hydrogen ion to that of the simple 


tri-valent kation in affecting their N varies enormously in the case 
of different negative colloids. 

On the hypothesis advanced before to account for the action of 
these ions on the heart, further characterisation of the colloidal surfaces 
in the muscle becomes possible in the light of these new observations. 

The concentration of hydrogen ion present is a factor of supreme 
importance in all physiological reactions, whether under natural or 
experimental conditions. A knowledge of the intimate nature of the 
mechanism by which it exerts its influence in various cases is therefore 
much to be desired. A comparison of the action of the hydrogen ion 
and of the simple tri-valent kation on various tissues will it is believed 
reveal any instances where, as in the case of the frog’s heart, the action 


1 By entirely different arguments Martin Fischer is led to the conclusion that the 
colloids. Oedema, Wiley & Sons, 1910. 
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“lies chiefly in the alteration of the ionic permeability of surfaces by 


modification of their electric charge. | 

The observations recorded in this paper emphasise once more a fact 
which has been overlooked too often in dealing with the action of ions 
on living matter. So far from it being possible to ascribe the “ physio- 
logical action” of various ions to some one factor such as solution 
tension, valency or ionic velocity, it must be recognised that one and 
the same ion may exert its influence on different tissues by virtue of 
different characters or groups of characters. Further, two ions which 
from the point of view of one tissue exhibit constellations of properties 
which are much alike may present wholly dissimilar aspects towards 
another tissue, Such differences may exist even apart from what is at 
present admitted to be chemical action. In certain cases, detailed in 


the foregoing pages, they are closely paralleled in the relations . 
ions to various colloidal systems. 


1 must again express my gratitude to those gentlemen who have 
generously aided this research by giving me materials otherwise un- 
obtainable. 

I also wish heartily to thank Prof. Langley for the many facilities . 
he has afforded me in the laboratory, Mr W. B. Hardy for his invaluable 
criticiam, and Miss Dale for her skilful assistance in several isi 


The expenses of this research were defrayed in part hy «grant from the Government 


: 
* 2 
=> 
f * 
— 
77 
2 
a 
7 
| 
2 
¥ 
§ 
iat 
; 
= 
i 
PH, XLII 22 4 
— 
> 
: 
433 
* 
3 


* 


THE DIACETYL REACTION FOR PROTEINS. BY. 
ARTHUR HARDEN, F.RS. AND 


(From the Biochemical The Lister 


In the course of an investigation into the nature of the Voges and 
Proskauer reaction, Harden’ showed that the colouration was due to 
the presence in the culture medium of acetylmethylcarbinol. This 


substance, which is a product of the growth of certain bacteria on 


sugars, is readily oxidised to diacetyl which then combines in the 
presence of alkali with some part of the protein molecule, the complex 
thus formed imparting to the solution à pink colour and green 
fluorescence. 


As it is of interest to ascertain which part of the protein molecule 


is concerned in this reaction further experiments have been carried 


out with this end in view, and the results of these are embodied in the 


present communication. For this purpose a large number of tests have 
been carried out with various proteins and other substances. Beginning 
with more complex bodies and then testing the products of hydrolysis 


of those which gave a positive result, it has been found possible to trace 


the reaction to several bodies of simple constitution. 

The following description of the examination of the protamine 
clupein will serve as an illustration of the methods employed. Clupein 
itself gives the reaction in the typical manner with a well marked 
fluorescence, but the mixed products obtained by heating for 14 hours 
with 50% H,SO, only give a pink colour, unaccompanied by fluorescence. 

The products of hydrolysis were separated according to the method 
used by Weiss“ Each fraction was then tested and it was found that 
arginine alone of the degradation products gave the reaction. 


1 Proe⸗ Roy. Soc. B, 1906, LXXVEI. p. 424. 
tech. physiol. Chemie, 1907, ut. p. 107. 
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REAOTION FOR PROTEINS. 338 


As a confirmatory test another sample of arginine, which was kindly 
pes by Dr Hedin, was examined and this also gave a positive result, 
a ee colour unaccompanied by fluorescence. 

The test was carried out by mixing a dilute solution of the protein 


or other substance in question with a small quantity of 10°/, KOH and 
then adding one drop of a 1°/, solution of diacetyl. In the case of 


simple substances it is essential to avoid both excess of alkali and of 
diacetyl, otherwise the diacetyl and alkali react, giving a brown coloura- 


tion which in some cases may completely mask the true reaction. 


Each substance appears to have its own optimum conditions; for 
example, using a 0°25 % solution of arginine, the best results were 
obtained by mixing 1 c. c. of this solution with 0°5 cc. N. KOH, making 
the total volume up to 5 c.c. with water and then adding 0°05 cc. of a 
1°/, solution of diacetyl. Using complex proteins such as gelatin 


stronger alkali is necessary, though excess of diacetyl isstill to be avoided. 


The reaction was usually done in the cold though heating i in boiling 
water for one minute hastens the effect. 
By these means the following substances of known structure were 


found to give the reaction. 


Guanidineacetio acid NH : CMH). NH .CH,.COOH. 


With the exception of dicyanamide all the above are known to 
contain the guanidine grouping NH: C(NH,). NHR. In the case of 
dicyanamide the formula may be written NH: C (NH,).NH.ON and here 
again is the guanidine structure. The reaction is however dependent 
to some extent upon the nature of R, for methylguanidine and amino- 
guanidine give decisively negative results, Free guanidine and the 


nitrate and hydrochloride only give the very faintest tinge of colour and 


this cannot be detected until the solutions have stood for several hours. 
The reaction is somewhat more marked with the carbonate and is quite 
normal with guanidineacetic acid. 

It should here be noticed that no fluorescence is obtained with 
these simple bodies and it is possible that the fluorescence produced 
when complicated proteins are used may simply be due to the large 
molecular weight of the resulting complex. In favour of this may be 


cited the experiment with clupein already mentioned. Before hydro- 
lysis this protamine gives a typical green fluorescence in addition to 
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the pink colouration; after hydrolysis with sulphuric acid, although 
the pink colour due to the arginine still persists, the fluorescence is 
entirely lost. : 

The delicacy of the reaction in the case of proteins is dependent on 
the amount of alkali, the strength of caustic potash which will give 
good results with the simpler substances being altogether insufficient 
in the case of proteins. The following table shows this clearly in the 
case of Witte's peptone: | 


— 


4°5 0.0. 0°5 0. o. — 0°06 e. o. 1 in 220 — 
20 „ 0˙5 „ 2 ˙5 0. o. 0-05 „ 1 in 500 7 
06 „ 0˙5 „ 40 „ 0-05 „ 1 in 2000 — 
0˙1 „ 46 „ 0-05 „ 1 in 10000 — 


Similar results were obtained with gelatin w 
KOH was used. 


0-5 „ 


hen this strength of 


2‘5 N. NaOH was next tried and the following results obtained: 


90.5% solution of 
Witte’s peptone 


5°0 0. 
40 „ 
8-0 „ 
20 „ 


$2 


H,O 


1˙0 0. o. 


„ 


80 „ 
9˙2 „ 
„ 


8 ˙5 „ 


8˙6 „ 
88 „ 


1% diacetyl 


0°05 o. o. 


006 „ 


1 in 400 
1 in 500 
1 in 700 
1 in 1000 


1 in 1150 


1 in 1800 


1 in 1400 


1 in 1500 


1 in 1700 


40 „ 1 in 2000 


The positive results in the above table indicate a pink colour 
together with a green fluorescence. This last series was repeated, 
using 0°3 ce. of 1°/, diacetyl instead of 0°05 c.c. The positive reaction 
ceased at the same point of dilution as before but was somewhat more 
intense in colour and fluorescence. , 

It will be seen that a typical reaction is obtained up to 1 part in 
1400 of Witte's peptone under the above conditions and that after this 
the results are negative. x 

Some experiments were then made with 60% KOH and here there 
is a striking difference in the results obtained. A pink colour can be 
detected with 1 part in 20,000 of Witte’s peptone but there is no 
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fluorescence, and this holds even in a solution of 1 part in 1000. 
Taking gelatin instead of Witte’s peptone a pink colour can be detected 


with only 1 * in 30,000. The following tables summarise these 
results: 


0˙8 
Witte’ peptone 60%, KOH H,0 10% diacetyl 
0˙ cc. 38 0.0. 1˙8 c.c. 0-05 b. 0. 1 in 5000 +no fluorescence. 
„ 0˙05 „ 1 in 10000 + 
0-075 „ 85 „ 14 „ 0-05 „ 1 in 15000 + et 
05 Strength | 
O01 0.0. 8°5 0. o. 1˙4 o. 0°05 0. o. 1 in 10000 ＋ no fluorescence. 
‘0-076 „ „ 1, 0°05 „ 1 in 15000 + 10 


„ 3˙5 „ 0-05 „ 1 in 20000 + 
008 „ 3˙5 „ 15 „ 0-06 „ 1 in 80000 + ” 


It appears probable that in these very dilute solutions the protein 
is hydrolysed by the strong alkali used. This would account for the 
loss of fluorescence, the pink colour being due to the liberated 
arginine, 

The same thing occurs in stronger solutions if time is allowed for 
the hydrolysis to take place. This is illustrated by the ene 
experiments, 

I. 5 C. of 0°56 % solution of Witte’s peptone were mixed with 5c.c. 
of 10% KOH and 03 cc. of 1% diacetyl added; a typical reaction 
was obtained. 

IL 5 ac. of 05%, solution of Witte’s peptone were mixed with 
3°5 c.c. of 60°/, KOH and this mixture was then allowed to stand over 
night, and then 0°3 cc. of 1°/, diacetyl added; a pink colouration only 
was obtained, no fluorescence. 

A few experiments have been carried out using other diketones in 
the place of diacetyl. As yet these have yielded negative results though 
the y-diketones still remain to be tried. Those actually tested were— 
benzil, acetylacetone, benzoylacetone, dibenzoylmethane, dibenzoyl- 
ethylene. Acetone, acetaldehyde, dihydroxyacetone and glycerose also 
failed to give the reaction. 

A list of the substances tested with diacetyl is given in the table 
on 336. 
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Substance 
LAlanyl-d-alanine - | Serine Anhydride 
Di-alanyl-Lcystine Glycine Anhydride 


q 


12 


„ 
‘ 
1 
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The diacetyl reaction for proteins depends on the presence i in the 
protein in question of the group NH: C (NH.) . NH. R. 

The exact significance of R has not yet been worked out. 

Only complex protein substances give any fluorescence, and this 
is lost if time is allowed for hydrolysis to take place before the diacetyl 
is added. 

The authors wish to express their thanks to many colleagues for 
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ON THE EXCITABILITY OF THE RESPIRATORY 
CENTRE. By J. LINDHARD. es: 


rom the Laboratory of the Finsen Institute, Copenhagen.) 


Apart from individual differences, the authors dealing with the 


physiology of the respiratory centre are separated into two main groups, 
with essentially different points of view. 

German physiologists regard the excitability of the respiratory 
centre as a constant value, constant not only for the same individual 
under varying conditions but also for different individuals. The 
classical work dealing with this subject we owe to Loewydo, who as 
a result of a long series of experiments performed on men and on dogs 
put forward the view just referred to. As this work of Loewy is the 
direct antecedent of the present paper, and as the results obtained by 
me are in every point antagonistic to those of Loewy, it will be 
necessary to recall his method. The experiments of Loewy are based 


upon the principle put forward by Cohnstein and Zuntzq): If we 


increase the magnitude of a stimulus, e. e.g. by carbon dioxide, according 
to a distinct scale, and measure the corresponding augmentations of the 


lung-ventilation, we can draw certain conclusions regarding the excita- _ 
bility of the centre, even when this is excited by other stumuli at the —_ 
same time, provided only that the stimulus concerned does not act 


upon and is not influenced by these other stumuli. This principle 


is undoubtedly right, but Loewy has failed in its application. Firstly, 
he does not measure the carbon dioxide in whe alveolar air but in the 
expired air, assuming this “slight inaccuracy” not to influence the 


results, In this he is certainly wrong. In Loewy's curves the 
percentages of carbon dioxide are plotted as ordinates at intervals 
of 1%; the following figures will show that this scale falls within 
the limits of unavoidable error in the method as practised by Loewy 
himself, and thus is of no use for such curves. | 
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2˙8 4˙6 29 3·˙6 
8-0 45 8-0 
85 K. L. 2°8 4˙6 2˙9 5°7 

28 47 2°9 5˙7 


Between the experiments in the first and the last columns there 
is a time · interval of some few months, a circumstance which, according — 
to Loewy, is insignificant. In all these experiments the percentage = 
of CO, in the expired air is practically the same, while the alveolar CO, a 
varies from 3˙6 to 57 / On the other hand, the expired CO, a Ml | 
vary but the alveolar CO, remain constant : 


005 in exp. air CO, in aly. air 
47 
28 4˙6 


Loewy’s conclusion (J. c. p. 617) that 3 rate of respiration 
leads to a lowered CO, % in the expired air is likewise ne 


Frequency 00, in exp. air 005 in aly, air 
K. L. 17-4 2-8 5-5 
29 4°5 


It will thus be evident that Loewy’s estimate of the magnitude 

of the stimuli really present in his experiments is quite unreliable. 
Further, Loewy estimates the total volume of air expired and not 
the ventilation of the alveoli, taking the rate of respiration as an 
individual constant and as uninfluenced by increasing CO, in the — 
inspired air. In this respect also I have obtained quite different 
results from Loewy: 


K. A. H. (mean of 11 series) 108 140 (19 % Frequency 
J. IL. (mean of 11 series) 78 (166 %) 
J. (mean of 10 series) 165 17.7 187 188 (114% — 


As will be seen, the frequency always increases with increasing CO, 
and the increase amounts to 66%/, in the case J. L. Thus, the procedure 
of Loewy only gives him a rough approximation and does not permit 2 
of the comparison of curves from individuals whose respiration-frequency 3 
is not the same. In his Fig. 1, Loewy has given curves for two persons 1 
(I and II); these curves both show the same absolute increase in 4 
ventilation for the same increase in CO, in the expired air. But on 5 

p. 616 Loewy admits that the respiration-frequency for person I” = | 
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is 23-26, for person II” 14-16; hence the persons concerned cannot 
have had the same increase in alveolar ventilation. If we bear in mind 
the uncertainty brought in by measuring the CO, in the expired air 
instead of in the alveolar air, it appears that the two curves concerned 
do not give any, not even an approximate idea of the excitability of 
the respective centres. It may be added, that it seems to me rather 
_ doubtful whether the respiratory centre reacts proportionally to the 
absolute increase of the stimulus, as Loewy assumes, or whether 
it follows the law of Weber or perhaps some other unknown law. As 
late as in 1910 Loewyan has put forward this method without any 
alteration. | 

Though the German physiologists regard the excitability of the 
centre as a constant, they do not do so for the stimulus. They are 
all of the opinion that the centre is excited in different ways and that 
the sum of the stimuli is an unknown, unmeasurable and variable 
magnitude. Among other stimuli they admit carbon dioxide, further, 
lack of oxygen, as well as a number of climatic factors. This point 
of view has in recent years been clearly formulated by Zuntz and 
Loewy). Bethe is less clear; in his extensive work on the 
excitability of the nervous centres he regards as proved, that the 
respiratory centre is excited as well from lack of oxygen as from 
accumulation of carbon dioxide (p. 272). He states as a general law, 
that excess of oxygen lowers the excitability of nervous centres and 
lack of oxygen increases it; but even for the respiratory centre Bethe 
makes a reservation (pp. 282-83), saying that in this special case the 
accumulation of carbon dioxide also has a very pronounced influence 
in increasing the excitability of the centre. It seems to me that Bethe 
confuses the terms excitation and excitability ; excitability is not an 
absolute term, and increase in excitability can only be thought of with 
regard to a certain stimulus, not as a vague generality. | 

Recently, Wintersteint) has put forward quite a different con- 
clusion. Winterstein perfused Ringer's solution through 4-8 days’ 
old rabbits, which became and remained apnoeic, even when the Ringer 
solution contained but a very small quantity of oxygen. If, on the 
other hand, the Ringer solution was acidified, it excited the respiratory 
centre, even when no NaHCO, was present in the solution. From these 
experiments Winterstein concludes that, when lack of oxygen excites 
the respiratory centre, this is due to accumulation of certain asphyxial 
products (Hrstickungsstoffe); then the apnoéa is due to the removal 
of these substances. Further, Winterstein states that carbon dioxide 
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has no specific effect; the regulation of breathing is 5 to the H- ion 
concentration of the blood. None of these conclusions are justifiable. 


In the first case the carbon dioxide may also be carried away ere the 
threshold value has been reached; in the second case the acid may 


lower the threshold value of the carbon dioxide and perhaps increase 
the excitability of the centre to such a degree that the carbon dioxide, 
always present when metabolism is going on, will be able to excite the 
centre. 

Among the English physiologists Hill and Flackw agree with the 
German point of view. The centre is excited as well from lack of 
oxygen as from accumulation of carbon dioxide; in the case of in- 
sufficient oxidation of the blood, lack of oxygen is “the more potent 
agent.” Hill and Flack@@ have shown that breathing pure oxygen 
_ prolongs the apnoéa after forced breathing, also that breathing pure 
oxygen lessens the symptoms of akapnia; thus forced breathing may 
be tolerated much longer than otherwise is the case. This is reasonable 
if akapnia is regardedAs a reflex symptom from the respiratory centre. 
Hill and Flack make no attempt, however, to bring these facts into 
line with the results elsewhere brought forward; the effect of pure 
oxygen ‘is for them simply an isolated fact. 

One author, Vernonan, maintains that abundance of oxygen 
decreases the excitability of the respiratory centre with regard to the 
effect of carbon dioxide. This statement, however, as it is not based 


on anything and has no reference to the sequel, is perhaps a lapsus 
| 


An essentially different standpoint, on the other hand, is met with 
in the views of Haldane and his school. The main interest for 
Haldane is the stimulus, the excitability of the centre being usually 
quite out of sight. Since Haldane and Priestley put forward their 
hypothesis regarding the regulation of breathing, their point of view 
has been adopted by a steadily increasing number of physiologists 
everywhere. The papers of Haldane and Priestley, Haldane and 
Fitzgerald@, Haldane and Boycottao, Haldane and Poultonay, 
Haldane and Douglasaaasae, among others, seem to show clearly 
that carbon dioxide is the adequate stimulus for the respiratory centre, 
further that the variations in intensity of the stimulus are indicated by 
corresponding variations in the alveolar CO, tension, which thus may 
be regarded as an “index” for the CO, tension in the centre itself. 
The alveolar CO, tension is an individual constant; e in 
ventilation tend to maintain this constancy. 


* * — 
« 
. 
Ci 
> 
7 
— 
7 
> 
as 
| 
. 
2 
742 
8 
2 
a 
| 
| 
| 
Bits 
rg 
a4 
* 
| 
4 | 
| 
— 
* 
7 
ing 
“Wz 
ot 
2 
* 
te 
| 
= 
— 
. 


RESPIRATORY CENTRE. 341 


This theory has met with difficulties from two different directions, 
viz. in explaining the hyperpnoéa produced by lowered oxygen pressure, 
and the prolonged apnoéa—or the lessened symptoms of akapnia—by 
forced breathing pure oxygen. The first of these objections Haldane 
has overcome by means of a working hypothesis: lack of oxygen is 
not a mere negative conception, it indicates certain changes in meta- 
bolism, especially formation of lactic acid, and this acid is a substitute 
for the carbon dioxide and thus lowers the threshold value for the 
stimulus. This theory, which has won in probability from the 
researches of Mathisondo and Barcroft«, is suitable so far as lack 
of oxygen is concerned, but it is of no use when excess of oxygen is 
present. Haldane and Douglasa»as have confirmed the prolonged 
apnoéa after oxygen breathing and give the explanation as follows: 
During the apnoéa after forced breathing atmospheric air there will 
after a time be lack of oxygen in the centre owing to the oxygen in 
the lungs becoming used up; this will cause lowering of the threshold 
value of the carbon dioxide in the centre and thus end the apnoéa 
before the normal tension has been reached; as however the tension 
in the centre, owing to the very small metabolism taking place here, 
lags bebind that of the blood and of the alveolar air, the normal tension 
may be reached in this last-named place. Further, when pure oxygen 
is breathed, no lack of oxygen is present in the centre, and the apnoéa 
will get its normal length, te. it will last until the CO, tension here 
has reached its standard value; but also under these conditions the 
tension in the centre will lag behind, and thus the carbon dioxide — 
tension in the alveolar air when breathing begins will be far above 
normal, as was the case for Hill and Flack and for Haldane and 
Douglas. The explanation given here seems to me a little artificial 
and not in harmony with the opinion elsewhere put forward by Haldane ~ 
and his school, that the alveolar tension may be regarded as an index for 
the tension in the centre. Certainly, the term index means that the 
tensions concerned are not identical, but, if there is any meaning in 
it at all, it must also mean that the tension at the one place being 
normal it will also be so at the other place. Under the conditions 
above indicated the alveolar CO, tension may rise so far beyond the normal 
value, that it otherwise would explain a very considerable hyperpnoéa ; 
a rise in the alveolar CO, tension of but 0:2°/, or 1-4 mm. of mercury 
will, according to Haldane and Priestley, cause an increase in 
ventilation of about 100 %, and the rise in alveolar tension at the end 
of apnoéa after forced oxygen breathing reaches 10 mm. or even still 
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higher. Under such circumstances the term index will be misleading. 
Furthermore, it is not quite clear why carbon dioxide will be washed 
out from the centre as rapidly as from the blood, but will lag behind 
in the centre when accumulating in the blood, nor why the metabolism 
is in the centre great enough to cause lack of oxygen as in other 
_ tissues, but too small to produce corresponding quantities of — 
dioxide. 

I have myself u made a number of respiration experiments in 
North-East Greenland, which indicate that the alveolar CO, tension 
is in summer much lower than in winter. The differences cannot 
be explained from the different temperatures, and lack of oxygen 
is certainly out of the question. Moreover, these experiments have 
been confirmed by experiments made at the Finsen Institute in 
Copenhagen. Nor in this case does ‘the lactic acid theory seem to 
hold good. 

As will be seen, there are certain points where the lactic acid theory 
is not sufficient; towards these points the following investigations have 
been directed. ‘Starting from the hypothesis of Haldane, that the 
alveolar CO, tension as an index for the CO, tension in the respiratory 
centre has for each individual a relatively constant value, and that 
variations in the alveolar tension (and also corresponding variations in the 
tension of the centre) will cause such changes in alveolar ventilation 
as to again approximate the CO, tension to its individual standard 


value, then the excitability of the respiratory centre must be a function 


of the alveolar tension as well as of the alveolar ventilation present, 
that is to say, it may be deduced when these quantities are known, 
notwithstanding that the alveolar tension for its part depends on the 
ventilation. If, as Loewya® maintains, the centres of different 
individuals all have the same excitability, a fixed increase in the 
alveolar CO, tension caused by mixing a certain amount of CO, with 
the alveolar air must always effect the same increase in alveolar 
ventilation. If, on the other hand, different centres have a different 
excitability, the same quantity of CO, applied to the alveolar air will 


cause a different increase in the alveolar CO, tension and will likewise _ 


effect a different increase in alveolar ventilation, in such a manner 
that the most excitable centre will allow but a small increase in the 


CO, tension with a greatly increased ventilation, while the less sensitive 


centre will permit a higher increase in the CO, tension with a corre- 
sponding small augmentation in ventilation. Hence the relation 
. 1 These experiments will be published in the near future, : | 
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between the increase in alveolar CO, tension and the corresponding 
increase in alveolar ventilation must be a measure of the excitability 
of the respiratory centre, 

The experiments have been carried out according to the principles 
of Cohnstein and Zuntzo above mentioned, the carbon dioxide in 
the alveolar air and the alveolar ventilation being measured with 
increasing percentages of carbon dioxide in the inspired air. The 
arrangement has been as follows: The subject inspires from a well- 
counterbalanced spirometer containing 150 litres of air with a known 
percentage of CO, and O,. Respiration takes place through a valved 
apparatus and an air-tight mask covering the nose and mouth. The 
expired air goes directly into the atmosphere. In this manner the 
personal “dead space” will be augmented by some 150 cc. | 

A rubber tube leads from between the two valves to a Marey 
tambour which records the number of respirations, A narrow lead 
tube, which ends immediately below the expiration valve, leads to a 
receiver filled with mercury and thus allows samples of expired 
(alveolar) air to be taken during the experiment. The subject takes 
a comfortable sitting posture, and the experiment begins as soon as 
he has adapted himself to the air-mixture present; this will always 
be the case after some 20 litres have been inspired. The experiments 
each last six minutes or so long as the air-mixture in the spirometer 
is sufficient. As a rule four experiments were made in the same 
series, and in one experiment the air always contained no CO,. Some 
minutes being necessary for preparing each experiment, the whole 
series lasted about 45 minutes. 

At the end of an expiration the tap of the mercury receiver was 
turned for a moment to permit a little mercury to flow out, and thus 
a sample of the air just below the expiration valve was taken. At this 
moment this must have been pure alveolar air. This procedure was 
repeated at each second or third breath during the experiment, until 
we obtained a sample of some 50 C. c. air. Certainly the “dead space 
was somewhat augmented and not so quickly washed out as under 
ordinary conditions, but I think the expirations of the persons concerned 
were great enough to assure a reliable result, With a single exception 

| (Table IV, where a possible error in the alveolar tension of the first 
series will increase the difference between the two groups) the expira- 
tions varied from cir. 800 to cir. 1200 c.c. It may be added that there 
was usually a very good agreement between the alveolar tensions here 
given and those calculated from other respiration experiments made 
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́:?5.—́: 8 
upon the same individuals at nearly the same time. Thus in the case 


of J. Table I gives the alveolar tension 373, the average of ten 


morning experiments 36˙8; in the case of K. A. H. Table I gives 36'9, 
average of ten morning experiments 36°7. The morning experiments 


were set with a — different arrangement of the 8 


TABLET 

z = 8 

k. A. H. 6 O98 008 520 869 51 

5 99 201 6656 304 £76 

| 6 100 896 627 444 124 

J. L. 6 68 O07 456 38295 £72 
6 66 106 508 859 74 
6 68 199 544 388 89 

6 76 401 617 440 185 

5 6 188 O10 526 878 64 

6 189 100 555 3894 72 
5 140 219 580 412 94 

6 4°14 16°6 


634 45°0 


0.17 


0-18 
0-28 


This method involves an error, however. It will always take some 
time to turn the tap of the receiver, and this time will be proportionally 
larger when the rate of respiration is high and the expiration accord- 
ingly small, than when the respiration is slow and the expiration 
proportionally longer. Consequently, the CO, percentage will tend 
to be proportionally higher in the last-named case. For the same 
subject this error will certainly prove inappreciable ; in comparing 
persons with a very different rate of respiration it may perhaps be 
appreciable. On the other hand, the method offers some advantages not 
to be overlooked, viz. that the sample, being drawn from one- to two- 
thirds of the expirations, represents a mean value independent of small 
accidental variations in the single expiration and yet is taken directly 
from the alveolar air as in the method of Haldane and Priestley. 
Though the spirometer was well counterbalanced, it offered a slight 
resistance to inspiration, which was felt as disagreeable ay ome 
persons, especially in the, first experiments of a series. 


2 


cy 

Rie 

* 
+3 

| 
8 
— 
5 — 100 100 0˙14 | 

4 6˙2 108 118 0-16 

q „ 107 140 019 

x 113 121 243 0°28 

2 — 100 100 0-22 

4 80 110 108 0-20 

93 119 125 0°23 

ag 

* 14°9 135 189 0°31 

100 100 

— 

F 72 106 113 
3 9˙1 110 147 
14˙9 121 282 
5. 

38 

* 

2g 

F. 
3% 


RESPIRATORY CENTRE. 345 


In Table I the mean values of a number of experiments made on 
three subjects are shown. The experiments were made at a fixed time 
of day, but not when fasting; accordingly the single series vary some- 
what, yet there is a very marked group for each individual. . Owing to 
the relatively small number of series the neee has not 
been calculated. 

To give a general view of the results of the Tables we may Abe 
shortly each single column. 

As will be seen, the frequency rises with increasing percentage 
of CO, in the inspired air, for the subjects K. A. H. and J. L. in a very 
regular manner, for the person J. somewhat more irregularly. For the 
first two there is a small lowering in frequency for 1°/, CO,, which is 
certainly real, perhaps owing to the fact that the slight resistance from 
the spirometer was less felt as the respirations grew deeper. This 
small resistance tended to force the breathing in some subjects, as will 
be further discussed below. 

In the first series for each person air from the room was inspired. 

The percentage of O, was not determined, nor was any correction made 
in the following series for the O, percentage, which would thus be a 
little lowered, especially in the last series. 

The alveolar CO, percentage was determined in the sample ob lair 
drawn, as above mentioned, by means of a Haldane apparatus. The 
last figure must be regarded as approximate. ; 

The alveolar ventilation is estimated at 37°, saturated. It is 
calculated from the total ventilation directly read on the spirometer ; 
the accuracy in the spirometer reading is 0°5 litre. The next column 
gives the alveolar ventilation calculated from the starting value by 
means of the formula V,(alv., — insp. o) = V,(alv., - insp.,); the N 
ment between the two columns is satisfactory. 

The next two columns represent the increase in alveolar CO, tension 
and alveolar ventilation in °/, of the starting values (100), .. the 
values obtained by breathing air practically free from CO,. In the 
curves these two columns are given, the first as abscissa, the second as 
ordinate; as explained. 8 05 such a curve will represent the excita- 
bility of the centre. 

The figures in the last represent the 


1.6. A. to 9 Hg When given in ‘/, of the first value in the 


same column, they will show the excitability of the centre as do the 
curves. The absolute values may be compared for a made in 


4 
4 
4 = 
> * 
. 
* 
8 
+ « 
2 
ay 
Se 
U. 
@ 
ws 
> 
. 
7 
* 
9 
& 
be 
~ 
2 xg 


346 J. LINDHARD., 


continuation. of each other, but not for experiments made on different 
days or under different conditions, as they are influenced by metabolism, 
which so far as I can see has nothing else to do with the e of 
the centre. 

Fig. 1 shows the curves representing the excitability of the three 
centres; three other curves are also given (with n lines) derived 
from persons who have 
taken part in only a 
single series of experi- c | 
ments. 

It will be evident 
from the experiments 
bere referred to, firstly, „ 

that the excitability of 3 7 
the respective respira- 7 
tory centres is quite 
different, and will be so | d * 
whether, with Loewy, 200 

80 


— 
— 


we have regard for the 
absolute values or, as ; Ng 
I do, take the propor- 0 % shor. 
tionate increase. This 
result was however to 4 
be expected, as in- 

dividual variations are 20% 
well known within the VE Za 
physiology. Secondly, 1. 

it will be noticed that 5 
the increase in alveolar 00, tension necessary for procuring a given 
increase in alveolar ventilation is for all the three subjects concerned 
remarkably higher than was the case in Haldane and Priestley’s@ 
experiments; in the latter the ventilation is doubled with an increase 
of 0°2*/, in the alveolar CO,; in the case K. A. H. on the other hand 
the same increase in ventilation is due to an increase in alveolar CO, 
of 07 /, This might be due to the circumstance that the centres of 
the persons here concerned were less sensitive than those of Haldane 
and Priestley, but the reason might also be sought for in the different 
O, tension present in the two cases. This last possibility will be 
— further below. 


8 
— 

* 


— 


? 
1 
* 2 
? 
1 
2: 
7 
* 
— 
Seed 
: 
Sy 
4 
— 
7 
N. 
2 
4 
4 
‘i 
* 
2 
7 
* 
i= 
Ca 
‘Al 
* 
2 
~~ 
7 


RESPIRATORY CENTRE. _ 347 


The experiments in Table I have been combined in series in such 
a manner that experiments with a higher CO, / in the inspired air 
and those with a lower CO, ½ have alternately been taken first. This | 
was done to avoid an error otherwise inevitable, arising from the fact 
that the respiratory metabolism of the subject tends to decrease during 
the time which must be spent i in a quiet sitting position. Thus, if two 
experiments were made in breathing atmospheric air, the one at the 
beginning, the other at the end of a series, the last showed somewhat 
lowered values both for the alveolar CO, tension and for the ventilation, 


aud the ventilation-quotient was also a little lowered. The OO, 


respiration in s¢ did not seem to have any influence on the succeeding 
experiment. The following series will illustrate this: 

i: 0 8 8 3 8 o % OOs in inspired air 

O17 027 0-26 0-26 0-25 0-16  ventilation-qnotient 

This series of experiments shows a regular, very small decrease in 

metabolism. In order to make such changes insignificant, as also to 
obtain greater differences, the succeeding series were made with 
024-6 */, CO, in the inspired air; as a rule the “normal experiment” 


was taken first; the O, percentages were not corrected in the experi- 


ments, when air from the room was inspired, otherwise the composition 
of the inspired air is given with an accuracy of + 0°25 "lo As the 
agreement between the series proved satisfactory, fewer series as a rule 


were sufficient, 
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_ Individual. variations being proved, the next thing was to test 
3 the individual excitability is a constant value or a variable, 
atid; in the latter case, how variations are brought about. Table II 
shows the results obtained for the subject K. A. H. with varying 

percentages of O, in the inspired air. Mean values are given as sige 
The results are aleo graphically i in Fig. 2. 
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The figures show the starting values to be almost the same in the 
different groups; the increase at 2% CO, in the inspired air is, at least 
for the subject: here concerned, likewise nearly the same. But there 
the uniformiky ceases. At 4% and 6% CO, the values differ widely ; 
for the lowest O, tension the CO, tension in the alveolar air rises least, 
while the alveolar ventilation just in this group gains its highest values 
and ‘vice. versd. That is to say,a lower O, tension increases the ex- 


_ citability of the centre, a higher decreases it, compared with the values : 


obtained by breathing atmospheric air. This result will be found 
confirmed i in Table ut and ie. ea 


524 36˙5 60 100 100 O16 
5˙62 39-1 82 107 187 021 
628 437 184 120 223 031 
716 4986 25 187 442 058 


96 498 345 70 100 100 0-20 


TABLE 
J. L. ‘ 16 527 36:9 62 100 100 O17 
72 „ 547 882 82 10 182 022. 
170 621 434 136 118 219 0-81 
18°2 „ 684 478 810 180 500 0-65 
20 


567 85 114 122 022 
45˙98 11˙6 181 166 
758 52˙6 176 152 251 0733 


~~" 
— 
wo on 9% 00, in insp. air 


whee 


Here the starting values for the last group differ somewhat from 
the corresponding values in the two other groups. At 2°/, CO, in the 


inspired air the sequence is the normal, the differences are quite 


obvious, especially with regard to the alveolar tensions. The third 
point in the 16% curve” seems to be somewhat displaced. 

The experiments represented in Table IV and Table V were made 
at different seasons, hence the difference between the “atmospheric” 
values in the two tables. 

In Fig. 4 the “atmospheric” curve is seen below that representing 
16% O., while in Fig. 5 the “atmospheric” curve is above the 96% 
curve, thus the same scale as Figs. 2 and 3. 
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i 
= 8 4 > 
J. 3 14 0 20 587 388˙4 67 100 100 017 
| 8 14 2 — 5 412 92 107 187 O22 
$ 168 4 — G18 488 148 114 O84 
2 6 — 70 SS 181 870 O46 
8 66 0 9% 500 860 79 100 100 O22 
% 149 2 — 660 40 96 119 198 09 
8 19 4 — 680 453 198 126 162 0-28 
6 
2 
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7 Ge 
2 2 
/ é 
4-7) 
20}-+> 
100 750 720 140 150 
| ©020%0, 096% 0, ~xafter morphia 6 chloral. 
‘Fig. 5. 


55 Common to all the three subjects examined is the fact that the 
differences are most marked with high percentages of CO, in the 
inspired air, not visible at all or going in uncertain directions when 


uo CO, is present in the inspired air; the same result—as effected by 


CO, breathing—may however be obtained if the stimulus is increased 


in some other manner. This fact is further illustrated in the following 


series ; only ventilation-quotients are given. 
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The experiments were not made in the same order—the order was 


unknown to the subject—; thus; in the first two series the experiment | 


with 96°/, O, was the first in order, while in the last series the 
“ atmospheric ric 
ventilation-quotients decrease in close ‘correspondence with the time; 
it is often seen especially that the first one is relatively high. The 
variations in the first series, when the subject was sitting quiet in his 
usual position, are very small and seem to go in uncertain directions. 
In the second series the scale begins to appear. During these experi- 
ments the person concerned held a weight of 25 kg. in his hand, arm 


” experiment was taken first. As above ‘mentioned, tbe 
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half elevated; alternately in the right and in the left hand, each time 
two minutes. The increased metabolism increases the ventilation- 
quotient throughout, but the increase in the stimulus also causes the 
differing excitability of the centre to show itself In the last column 
the’ variation in excitability becomes still more evident; the stimulus 
being powerfully increased by adding large quantities of carbon dioxide 
to the alveolar air. In this series especially the variations in the 
ventilation-quotient, owing to changes in excitability of the centre, are 
_ far beyond mere accidental oscillations. This series is shown — 
in Pig. 6: 

With regard to the curves generally, it must be bens § in mind 
that they are plotted from relatively few experiments; nevertheless 
a distinct type seems to be present and to be the more evident the 
more the number of experiments plotted i increases; thus, a lower point 
is always to the right of a higher one in biber curve; further, the 
curves seem at first to rise slowly, then more or less W the most 
marked bend of the curve usually corresponding to some 2% CO, in 
the inspired air. The bend is as a rule most marked in the 16 / 
curve, less when pure oxygen is breathed. When in some cases a 
second bend in the opposite direction is appdrent at the upper end of 
the curve, this is probably due either to the point below being displaced 
or to the fact that the person concerned has reached the limits for his 
ventilation power; eg. in the “strychnine curve” in Fig. 3, where the 
alveolar ventilation for 6*/, carbon dioxide in the air breathed was 49°45 
litres per min. This point in the curve is also placed to the right of 
the corresponding point in the lower curve. 

A point which requires to be further discussed concerns the starting 
3 the values obtained by breathing air practically free from 
carbon dioxide. Why do the variations in excitability not show 
themselves in the starting values? As pointed out by Haldane and 
Douglass the first desire to breathe in the apnoéa caused by forced 
respiration takes place at a varying alveolar CO, tension according to 
the O, tension present (cf. Fig. 3 in the paper cited): This result I 
have confirmed by experiments made on myself. The differences are 
_ but small, yet unmistakable, and thus we may suppose that changes 
in excitability take place even when no excess of the.stimulus is present. 
As pointed out above, it is not quite consistent to assume, as Haldane 
and Douglas do, that lack of oxygen in the centre after forced breathing 
atmospheric air occurs in some two minutes. Certainly it cannot be 
denied that formation of lactic acid 9 under normal oon- 
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35 J 
ditions, increasing with lowering of the oxygen tension; 


when oxygen tension is rising, to vanish at a certain height of 0, 


tension. This would explain the differences as to the beginning of 


breathing after apnosa. But this admitted, it will be exceedingly — 
difficult to understand why differences arising in this way are very small 
when the stimulus has its normal value and rise at a rapidly i increasing ~— 
rate with increasing percentage of carbon dioxide in the air breathed. 


That formation of lactic acid should increase at the same rate is 


certainly out of the question. In this connection it may be remem- 

bered that Ry ffe len never succeeded in finding excess of lactic. acid 
after experiments of short duration, not even when lack of oxygen was 

evident. It is most reasonable to assume, therefore, that the variations 


here dealt with are due to changes in the excitability of the centre. 


But why are the changes in excitability, which are certainly present, not 


conspicuous under the conditions offered in my experiments: 
Firstly, it must be remembered that the serigs were made on 


different days; in no case have we two series for the same subject 5 


the same day. Secondly, the experiments are not morning experiments, 
the subject has had his morning meal, more or less varying in composi- 


tion and quantity, and farther the persons experimented on have had 
some exercise; the one, J., the laboratory servant, has been working 


several hours, and his work is not always the same nor is it ended at 


the same time; accordingly, as will be seen, he is the least regular 


subject. Work and meals alter the metabolism and may affect the 


excitability of the centre also. For these several reasons it is not to 
be expected that changes in excitability will show themselves until 


the increase in whe stimulus surmounts the sum of the 5 
factors. 


Now it must be admitted that the starting value when | pure oxygen 
is breathed in one subject, J. L, somewhat diverges in an opposite 


direction to what was to be expected. As this subject was otherwise 


extremely regular and these experiments were made under more 
constant conditions than was otherwise the case, the small divergence 
is certainly real. The fact may perhaps be explained in the following 
manner; the person concerned always felt the small resistance from the 
spirometer distinctly and he was therefore apt to force the breathing 
to a certain extent. Under normal conditions this was readily felt by 
the subject himself and remedied before the experiment proper began, 
the ventilation was then from minute to minute the same, the same 


also as obtained at the same time in experiments made under quite 
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ditferent conditions. On the other hand, it is possible that the 
excitability being lowered by breathing oxygen, he did not feel the 
small divergence from natural respiration, and the tempo once begun 
was continued during the experiment. 

It might perhaps be supposed that the curves would be influenced 
by the starting values, in such a manner that a low alveolar CO, 
tension and a high alveolar ventilation, that is to say a high ventila- 
tion-quotient, would cause a flat curve and vice versa. This is certainly 
not-the case. The starting value of the ventilation-quotient is due to 
a number of circumstances not always evident; the excitability of the 
centre is expressed in the steepness of the curves, which as the 


: e example shows have no relation to the 1 8 values. 


Ventilation-quotients, °/ 00, in inspired air 
Abbate values starting value= 100 
2 0 2 


o 083 (061 100 1% 7 408 16%, Oy breathed 


016 022 030 0-51 100 144 195 38680 abmos. air brenthed 
0-22 021 025 030 100 96 114 186 pure O, breathed 

021 040 069 109 100 187 $27 512 atmos. after strychnine 
O11 0˙14 020 0:26 100 128 178 280 atmos. after morphis 


The example includes only single series. In the two series when 
the starting values are highest, the excitability of the centre is quite 
different, in the one case very low, in the other exceedingly high. In 
the case where the starting value is lowest, the excitability is likewise — 
very low. It may be added that the course of the curves has been 
tested by taking the highest value as starting point. If the experi- 
ments are correct, then the curve should not alter its course, and this 
was the case. 

To sum up, the changes in excitability are present also in the 
starting values, but the variations are small enough to be disregarded 


-owing to other variations in the functions concerned from various 


accidental sources. This circumstance, in connection with the fact 
that there is always a lack of proportion between the alveolar CO, 
tension and the amount of ventilation present under ordinary con- 
ditions, and the relatively small increase in tension which is required 
to effect a very considerable increase in ventilation, leads to the 
conclusion that not the whole carbon dioxide present but only a very 
little part of it excites the centre. Most probably—as suggested to 


me by the part of the carbon dioxide 
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LINDHARD: 
the 8 neutral - point has exciting power. It is true that the 


neutral point of living blood is unknown, but several facts indicate that : 


the oscillations from this point are normally very small’. 


So far as I can see, the fact above stated, that the oxygen tension : 


| present governs the excitability of the respiratory centre towards 


carbon dioxide, will suffice to explain all the phenomena apparently 
_ opposed to the theory of the Haldane school; which maintains that 


the carbon dioxide is the adequate stimulus for the centre and—other 
things being equal—that the alveolar tension is an index for the varia- 


tions taking place in the tension in the centre, This point of view — 
will especially explain the cases where unusual formation of lactic acid 
cannot be presupposed, viz. the experiments of short duration made 
at a somewhat lowered oxygen tension and the results of Hill and 
Flackw@ on breathing pure oxygen, also the variations which the 


respiratory functions undergo according to the seasons. Further, it 
gives a possible explanation of why in the experiments of Haldane 


and Priestley@ a much smaller increase in the alveolar CO, tension 


than elsewhere is the case was sufficient to double the ventilation. 
Haldane and Priestley inspired air which was partly vitiated by their 
own expired air, hence their respiratory centres must have been more 
excitable than in my experiments. 


It may be added that my experiments are confirmed by, or at all 
events agree with, experiments published by Loe wy The following 
Table shows some examples drawn from Loewy’s paper (Table, pp. 


66-69); the alveolar ventilation has been calculated at 37° (saturated) 
from the total ventilation, assuming the whole “dead space” to be some 
200 C.., and, the barometric pressure being unknown, the factor (B- Cs) 
to be 715. The examples are chosen in such a way that each two 


experiments have nearly the same percentage of carbon dioxide in : 


the inspired air. Starting values cannot be obtained, as the amped 
air always contains. excess of carbon dioxide. | 


‘No. of Aly, vent. Ventilation- 
exper, Frequency air insp. air per quotient 
4 24 1˙98 9381 O21. - 
24°65 2-22 8°25 — 166 0-60 
0-48 10°97 B28 6˙5 017 
0°48 9°38 30˙7 0 ˙ 20 
0°69 935 - 803. 032 . 
14 9042 1917 339 48 0-18 
0-40: 1664 ars 89 0:10 
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The list might be continued but these examples will prove sufficient 
to show the agreement with my experiments; in no case are the last- 
named in opposition to those of Loewy. 
1 In order to ascertain whether the excitability. of the respiratory 

na centre is affected by other chemical or physical agencies besides 
es oxygen, some few experiments’ were made in connection with those 
8 above-mentioned. These experiments, partly represented i in the curves 
3 by dotted lines, inolude in each case only a single series, but the curves 

have some interest, as they always lie in the same Position relative to 

the other curves derived from mean values of several series. 

The effect of morphia was tested on all three subjects. Experiments 9 75 

began some ten minutes after a dose of 0015 gram (K. A. H. and J.) or 

001 gram (J. L.) chlor. of morph. In all cases a marked depression of 

the curve of excitability 1 is seen ; the 8 morphia- curve lies between the 

“ atmospheric ”: and the“ oxygen’ curves, highest in the case J. L, where 

the subjective symptoms of poisoning (nausea, sleepiness, ete.) were very 

marked, lowest in the case of K. A. H., where subjective symptoms were 

quite absent. Moderate ‘doses of chloral likewise depress tlie curve. 

In the cases of K. A. H. and J., 20 gram chloral. were taken some 

30 minutes before the experiment; the effect in both casés was the same. * 

In the case J. L., O 006 gram nitr. of strychnine was given 15 minutes 
beſore the experiment; the effect was a ‘powerful ‘excitation of the 
Bo centre, owing to the greatly increased excitability. It may be added 
1 that the excitability is influenced also by the season, owing to the 
at effect of light and other physico-chemical factors, a subject that will 
te be dealt with in a later paper. 
Ss The present investigations have been carried out under the super- 


cae intendence of Dr K. A. Hasselbalch, Director of the Laboratory, to 
5 whom I am very much indebted also for having made the experiments 
— 


1. Carbon dioxide is the adequate stimulus for the respiratory 
centre, as pointed out by Haldane and his co-workers. 
2. The excitability of the respiratory centre towards the adequate 
_ stimulus is governed by the oxygen tension present. 
3. Besides being governed by the oxygen tension the excitability 
of the centre is influenced by a number of different physico-chemical 
factors. 
4. The excitability of the respiratory centre has for different 
quite a different value. 
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OBSERVATIONS ON THE ROLE OF POTASSIUM 
"SALTS IN FROG'S MUSCLE. Br w. BURRIDGE, BA, 
Mark Rehibitioner, Oxford. 


“(From the Physiological Laboratory, 


Ks a . paper, I have brought forward evidence in support of a | 
view that normal fatigue is a phenomenon to be associated with the 
potassium ion, and that the limit of the working capacity of a muscle, 
caused to contract in the normal manner by stimuli sent out in the 
normal manner from the central nervous system, is reached at a stage 
where free lactic acid becomes present to any extent beyond traces : 
hence, once the means at the immediate disposal of a muscle for 
neutralising lactic acid are no longer sufficient, the subsequent pheno- 
mena tend to be of a different order from those occurring before. This 

view suggests the possibility that accurate information concerning the 
normal metabolism of muscle cannot be obtained from experiments 
performed on those that have been overworked, the results obtained 
under such conditions being rather those following on poisoning by a 
particular acid, lactic acid, The general conception formed was that 
each muscle had become adapted to meet the production of a certain 
amount of lactic acid within it, and that a period of preparation was 
necessary to enable it to meet amend the production of _— : 


quantities, 
The present paper deals further with some of the above points, 


The shortening . by lactic acid in muscle. 
It has been known for some time that lactic acid produced a 
shortening of muscles when perfused through them. Schipiloffw 
found that injection of weak solutions of lactic acid (up to 0:25 % 
caused rigidity of the muscles, whereas the perfusion of strong solutions 
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of the acid was not followed by rigidity. Moreover, the rigidity pro- 
duced by the perfusion of a low concentration of the acid could be 
removed by the subsequent perfusion of a strong solution. On the 
other hand, Fletcher found that every solution of lactic acid he 
employed up to 5% caused the development of rigor mortis in muscles 
placed in these solutions. In my own experiments, however, I have 
found that the shortening has a definite character when produced by 
any given strength of lactic acid of a concentration below 0°5 °/,. 
definite character of the shortening in the perfused gastrocnemius 
muscle is shown in Fig. 2 of my former paper. The muscle shortened 
when the acid was perfused, then relaxed slightly while the acid was 
still present within the muscle; from this stage onward the perfusion 
of normal saline, or a second perfudion of the acid, was practically 
without action. This permanency of the shortening and absence of 
further change under the conditions just mentioned took place con- 
stantly and pointed to the possibility that a given concentration of 
lactic acid would produce in a muscle a definite amount of shortening 
of an irreversible character. This has been investigated further by 
perfusing lactic acid through preparations in the manner already 
deseribed, but without at the same time exciting the muscle by 
induction shocks. When the muscles were perfused under the. usual 
conditions (at a pressure of some 35 cm. of water), the experimental 
leg was observed to enter into fibrillar contractions, and the record 
of the shortening of the gastrocnemius muscle shows that this progressed 
to a certain maximum in a series of steps. It then frequently relaxed 
a little, though not always, aud after this slight relaxation remained | in 
the shortened condition for some time. | 
The slight relaxation that followed immediately after this shortening : 
would appear to depend on some form of reversal of the internal 
process that gave rise to the shortening, for the slowness which this 
shortening was found to exhibit precludes the possibility that the 
subsequent slight relaxation was due to overshoot caused by the 
momentum gained by the moving lever, etc. Sudden perfusion of 
acid was next employed, the injection being performed by first raising 
the perfusion reservoir to a height of some 70 em., and then suitably _ 
pinching the rubber tubing connection. A great increase in the rate 
of development of the shortening was thereby produced which, though 
it became quick enough to obliterate all traces of steps, was at tbe 
same time slow enough to be followed by the eye. With this decrease 
in the time of shortening came also a decrease in the time during 
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which fibrillar contractions were seen: The latter seem to be present 
only while the muscle is shortening, ceasing when the shortening is 
completed. Production of further shortening by the perfusion of a 
higher concentration of the acid or by perfusing high concentrations 
of potassium chloride gives rise to a further series of fibrillar con- 


-_tractions during the period of shortening, but not after the shortening 


is completed. Moreover, the excised sartorius does not show any of 
these fibrillar contractions when treated with a bath of lactic: acid 
which reaches all parts practically instantaneously. The shortening 
under these last conditions was not. by a series of steps. Thus, the 


shortening of the muscle in a series of steps under ordinary conditions 
of perfusion must be considered to be caused by the differences in the 


times at which different sets of fibres supplied by different arteries 
become affected by the acid, while the fibrillar contractions seem to be 
the expression of the fact that the acid takes some slight time to reach 
different parts of the same fibre. If the acid solution be replaced by 
one of normal saline alone, no immediately apparent effect is to be 


noted on this shortening, but at the end of half an hour or so it can be 


seen that the muscle is slowly relaxing, so slowly that the relaxation 
after two hours may be only one half of the extent of the former 
shortening. The slow relaxation under these circumstances may be 
due to a lessening in the quantity of the lactic acid by the oxidation of 
a part, and also to internal dilution of the muscle fibres by the edema 
which follows. In those experiments where the muscle was kept 
perfused with the acid solution a very slow increase in the rate of 
shortening took place. _An immediate increase of the shortening could 
be produced by the perfusion of a higher concentration of the acid, 
so that this further shortening may be due in part at least to a slow 
production of acid within the muscle itself. It was found, however, that 
the initial quick shortening could not be increased when a concentration 
of 0˙5 % of the acid had been perfused and that these higher concen- 
trations might also give a further slow increase of shortening. It 
seemed, then,.as if the muscle was proceeding to a fresh position of 
equilibrium with respect to the particular concentration of acid that 
was being perfused. Experiments performed on the axciend eartorius 
muscle seemed to confirm this. 

When the fresh excised sartorius 3 was W in a bath 
of saline containing lactic acid in solution, it shortened fairly quickly, 
and then remained in this shortened condition for a short time. It 
soon began to undergo further shortening, though more slowly than 
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in the first instance, and when it reached the maximum limit of this 
second shortening it remained there for a considerable time. This 


action of lactic acid on the sartorius muscle F . 


to Fig. 1. 

An immediate increase of the first shortening could be produced 
under the same conditions as with the gastrocnemius. This second 
shortening i is by no means the full shortening that the muscle can 
give; the extent of both contractions depends on the e concen- 
eee as may be seen from Fig. 2. 


Ap 


* 


Fig. 1. Action of 0-25 % lactic acid on fresh sartorins muscle of frog - 
! Rate of drum ‘8 om. per min. 


* 


Fig. 2. action of 0175, and vas) olutions of 
44 


In this experiment the senile was treated with two separate 
concentrations of acid, the weaker one being used first. It will be 
seen that the weaker solution causes the muscle to shorten rapidly 
to a certain maximum, and then to proceed at a slower rate to a 
further stage of shortening, and even this is a condition from which 
the muscle may relax. On replacing this weaker solution by one 
of a higher concentration of the acid, a second quick shortening 
oceurs followed by a second slow shortening, which latter did reach 
the maximum with the particular strength of acid employed (0°25 %). 
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There are, however, great relative differences in these second con- 
tractions, 80 that it is possible that in this experiment the higher 
concentration has induced also: a 22 of acid within the 


muscle. 
Within the limits of 
time such as were taken 


here, a solution of 0°25 % 


lactic acid may induce a 
second shortening, this 
being similar to that pro- 


duced by lower concentra- 


tions of the acid, as may 

be seen from Fig. 1. 
For every concentra- 

tion of acid employed up 


to about 2%, [have found 


these two  shortenings, 
whether of the perfused 
gastrocnemius or of the 
excised sartorius placed 
in a bath. As regards 
the initial quick shorten- 

ing this is maximal for 
concentrations of approxi- 

mately 0°5 %, so that a 
muscle which has been 
treated with 0°5°/, of the 
‘acid will give no further 
quick shortenings though 


it may be successively 


treated by all concentra- 
tions up to 10%; more- 


over, when the corre | 


sponding muscles of the 
same frog are compared, 
the immediate effect pro- 
duced by a 0°5 % solution 
is as great as the im- 
mediate effect which can 
be produced by any higher 


concentration, as may be seen on reference to Fig. 3. 


PH. XLII. 


Fig. 8. Action of 1% and 0•5 % lactic acid on 
opposite sartorius muscles of same frog. Rate 
ol drum 1-07 em. per min. 1% used on fresh 
muscle. 0-5 %/, used on muscle examined 80 
minutes after excision. 


Fig. 4 Action of 0°5 % and 0°25 % lactic acid on 
opposite sartorius muscles of same frog. Rate 
of drum 1°07 cm. per min. 0°5 % employed on 
fresh muscle. 0°25 % employed on muscle ex- 
amined 30 minutes after excision. 
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For concentrations of acid below 0˙5 % the initial shortening is 
proportional to the strength of acid employed, and, as mentioned 
above, may be immediately increased by increasing the strength of 
acid. This proportionality is shown in Fig. 4, which represents the 
action of a 0°5°/,, and a 0:25°/, solution of lactic acid on the opposite 


muscles of the same animal. 


As the concentration of lactic acid approaches 2%, the magnitude 
of the second shortening decreases until it finally becomes zero. The 
exact concentration of acid 8 
which, within the usual ex- : 
perimental limits, only pro- 
duced the initial contraction, 
cannot be definitely stated, 
and probably varies in in- 
dividual muscles and with 
the varying condition of any 
muscle at the time of the 
experiment. When concen- 
trations of 2˙5 % and upwards 
are employed the maximal ; | 
ts always Action of 5%, lactic acid on excised 


obtained but after this the 


2.58. Drum stopped at that time. 


muscle begins to relax. The 8.20. Drum restarted at that time. 
relaxation takes place ver; 8.21. „ stopped » » 
slowly, but, in my experience, VE 


it always occurs. The action 
of a 5% solution of acid on the sartorius muscle is shown in Fig. 5. 
The maximum concentration of acid I have worked with is 10°/,. 
The evidence given above, however, appears sufficient to justify the 
statement that any concentration of lactic acid below 2% will cause a 
muscle to undergo two shortenings; the first shortening being reached 
quickly, whilst the second shortening is reached at a much slower rate. 
In addition, the initial shortening is proportional to the concentration of 
acid used when such concentrations are below 0˙5 ½, : 
In performing these experiments on excised muscles I have been 
accustomed to excise one muscle and treat it immediately with the acid, 
the interval between the beginning of the operations and treatment with 
acid being not more than ten minutes. Then while the first record was 
being taken, the other muscle was excised and prepared so as to be 
ready directly the experiment with the first muscle had been completed, 
the interval of time being from 20 to 50 minutes. | 
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This interval between excision and the application of lactic acid 
seems to be associated with some modifications in the shortening, such 
as a decrease in the rate at which the first shortening is produced, and 
an increase in the rate at which the second may come on. These 
differences are exemplified in the shortening given by 0°5°/, and 0°25 % 
lactic acid respectively. It will be seen in each case that the rate of 
shortening in the fresh muscle, ic, the first on the tracing, is much 
greater than in one which is less fresh. In muscles three hours old the 
rate of shortening is exceedingly slow, but when left in saline for — 
24 hours, though the second comes on more quickly, the first is also 
moderately quick and about the same rate as in a muscle 20 minutes 
excised. It will also be noted that the accentuated second shortening 
with 025 % lactic acid takes place in muscles that have been excised 
some time. The differences are much diminished if the muscles be 
allowed to remain in situ in the dead body, and then excised immediately 
before the treatment with acid. A “three hour” muscle then shortens 
about as quickly as does a three minute excised one. 
: The part played by lactic acid in the structural changes associated 
with muscle shortening has been studied by McDougall@, who considers 
the lactic acid to cause an increase of the osmotic pressure within the 
sarcomeres, In the former paper I have suggested that potassium salts 
displaced by lactic acid were responsible for such increase in the internal 
osmotic pressure. The present results are in agreement with this 
suggestion, with the addition that the “sorption” compounds from which 
the potassium salts have been displaced are saturated with 0° °/, lactic 
acid (or proportionately by concentrations below this), and that the 
potassium salte are present in two phases with regard to the colloid 
compounds. The existence of two phases in “sorption” compounds, sur- 
face condensation and solid solution, is being increasingly recognised by 
physical chemists@, who also find that changes of a quick type are to 
be regarded as reactions with the surface. Hence, the quick and slow — 
shortenings observed as the result of treating a muscle with lactic 
acid might be regarded as reactions of the acid with the surface and 
interior respectively of the colloid masses, or as surface and deep 
The shortening produced by some other chemical substances. 

. Hydrochloric acid, sulphuric acid and nitric acid are known to cause 
shortening of muscle@, and I find that this shortening exhibits two 
definite phases just as was found for the shortening produced by lactic 
acid, It was also the case that the second shortening seemed as definite 
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as the first for each concentration of acid below that one which 
‘apparently produced the maximal initial effect. For when the second 
and slow shortening was completed the lever wrote a horizontal line on 
the drum, and if the concentration of acid used had been less than that 
producing the maximum initial effect, further shortenings could be 
obtained by increasing the strength of acid to which the muscle was 
subjected. The second shortening seemed only to be the full shortening 
the muscle could possibly give when the initial shortening was the 
maximum quick effect that could be produced. 

The rate at which the first shortening was attained, however, with 
these mineral acids bore some form of relation to the concentration of 
acid employed, and in this they seem to differ from lactic acid. As 
recorded on the slow drum, the rate of development of the initial effect 


produced by lactic acid in fresh muscles did not seem to be much 


quicker with 2°5°/, of acid than it was with 0˙25 %. But the initial 
shortening caused by these mineral acids increased in rate of develop- 
ment as the concentration of the acid was increased, and with a 
comparatively high concentration of the acid the shortening developed 
with twitch-like rapidity. In these latter cases, also, the second 
shortening came on so quickly that a slow drum did not differentiate 
between the two shortenings. 

Another difference found with hydrochloric and sulphuric acids was 
the comparative absence of any slight relaxation following immediately 
on the initial shortening, such as was found to be a marked feature with 


lactic acid. The muscles would occasionally relax, but vig to a very 


small extent. 


Acetie acid was also found to shorten a muscle in two stages, when 


the concentration of acid was comparatively low. Very high concentra- 
tions of acid were required to shorten the muscle completely (27 /), and 
in these cases very little evidence of a second phase was obtained, 


probably due to other profound changes in the muscle, eg. it became 


transparent. Two definite phases were present at low concentrations. 


The shortening produced by these acids seems also to be dependent 


on an increase of the internal osmotic pressure of the muscles. After 


perfusion of these acids, muscles become edematous, and I found that 


muscles placed in Ringer’s solution to which some one of these acids 
had been added all exhibited increases in weight, the increase depend- 


ing on the concentration of acid employed, though the differences in the 


increase of weight produced by supra-maximal concentrations were hot 
great. 
8 interest to determine the strength of . 
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peers seemed: to produce the maximal shortening of muscle. The 


method gives only approximate results, but nevertheless appears capable 
of detecting great differences. Evidence will be given later for believ- 
ing that the salts which appear to be freed and then to raise the internal 
osmotic pressure of the muscle do not diffuse out of the muscle, and if 
this be the case the complete removal of the potassium salts from the 
colloid masses would require an infinite concentration of the disturbing 
substances. Nevertheless a removal which may be regarded as practically 
complete may be produced by a comparatively small concentration of 
the disturbing substances. The maximum effect, as I have —— : 


by: 


Hydrochloric ace 0016 N. H’ =0°015 N. 
Sulphuric acid .  OO=12N, HW=O0010N. 
Lactic acid... O05 N. H’=0°0028 N. 
Acetic seid . N. 


‘The concentration in hydrogen ions is thus greatest in the case of 


- hydrochloric acid. The action of this acid in this connection may be 


regarded as that of its hydrogen ions alone, since the composition of a 
perfusing fluid may be varied from 0°6°/, to 0°7°/, of sodium chloride 
without any shortening effects being observed, and the difference in the 


concentration of the chlorine ions in these perfusing fluids is greater 
than the concentration of the chlorine ions in the hydrochloric acid used. 


The concentration of the hydrogen ions in the sulphuric acid shows a 
distinct drop when compared with that of hydrochloric acid, suggesting 
that the SO, ion has also an action in this connection. But, when the 
concentration of the hydrogen ions in the nitric and lactic acids is 
considered, it seems possible that some new factor must now be at work. 


The new factor is indicated, I think, by the decisive character of the 


relaxation which immediately succeeded the initial shortening produced 
by these acids, Such a return would be associated with the action of 
acids that lower surface tension. The acids now under consideration do 
lower surface tension, and this property would enable them to displace 


adsorbed potassium salts. Surface tension is known to play a great part 


in adsorption phenomena. Some physical chemists have even considered 
that the process is determined entirely by the surface tension factorio, 
but it is now known that ionic factors are also operativea». When, then, 
we compare the concentrations. of the hydrogen ions in those strengths 
of lactic and hydrochloric acids which produce similar physiological 
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results, it would appear that the action of lactic acid in this connection : 


is dependent to a marked degree upon the surface tension factor. 


The action of such surface tension lowering substances as alcohol and 


chloroform is, according to Vernon, a“ molecular” one. They cause 


shortening of muscle, and I find that the shortening exhibits two stages. 


Bile made up with 06 "fo NaCl also shortens muscle in two stages. 
These substances also raise the internal osmotic pressure of muscle, 


so that the shortening might still be brought about by mobilising 


potassium salts. 


The shortening produced by the alkalies, caustic soda and ammonia, 
was not found to take place in two well defined stages, as recorded on 


the slow drum. In high concentrations of these liquids a muscle would 
shorten immediately to a greater extent than it did previously to a 
maximal induced shock. These alkalies also raised the internal osmotic 
pressure of muscle. 


Olservations on changes in muscular weight. 


foregoing paragraph, substances | 


muscular shortenings also increased the internal osmotic pressure of 
muscle, and thus would eventually cause a gain in weight. Such a 


gain in weight is easily demonstrated, but it appeared to reach a certain 


maximum and then remain comparatively stationary for some length of 


time, in some cases for as long as ten days. The muscles as they in- 


creased in weight became swollen and distended, and though firmer than 
an ordinary quiescent muscle they were nevertheless quite soft to the 


touch. They usually preserved their structural characteristics. When 


control muscles were placed in similar solutions and at the same time 
the changes in the length of these muscles were recorded graphically, it 


Vos found that the gain in weight progressed during relaxation, and 


that a muscle relaxed more quickly in such solutions as caused it to 
increase more rapidly in weight. The entry of water into the muscle 
from the outside thus appeared to accompany relaxation. The amount 
of liquid taken up, however, was related to the strength of the modify- 
ing solution, as a rule, and so to the extent of the contraction. It thus 


appeared that the entry of a sufficient quantity of water into a muscle 


will distend and relax it, Thus, a relaxation from a tonic contraction 


does not of necessity mean the reversal of ‘the beat ie — 
associated with its 
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On the indiffusibility of some potassium salts in imuscle. 


The gastrocnemius muscle of a frog was placed in a solution of 
5 a alcohol added to Ringer, and the weights recorded were : 


‘Weight at commencement .. 880 mg. 
Weight after two hours 
Weight after seven hours... ... 400mg. 
Weight after 24hours.. .. ... 896mg, 
Weight after 72 hours... ..  ... 400mg. 


The weights of muscles treated with other solutions often exhibited 5 
a similar persistence of increase. The persistence did not always occur, 
some degree of loss setting in occasionally after the lapse of 24 hours or 


80. In many of these latter cases the muscles were beginning to de- 


compose, but it is also possible that rupture of overdistended fibres may 


be a contributory factor. 


The edema that comes on in muscles that have been perfused with 
neutral saline after treatment with lactic acid may still be present 
60 hours after. The rise of osmotic pressure resulting from the action 


of lactic acid takes place within the sarcostyles, and it would appear, 


from reasons to be given later, that the other substances giving tonic — 
contractions produce their effects in the same structure as lactic acid. 


The long periods of time over which the wdema effects last, and the 


degree of persistence that may be found with the maximum gain in 
weight, make it necessary to assume that the substances giving rise to 
the increase of osmotic pressure are unable to diffuse out of the muscle. 
J have suggested earlier that freed potassium salts are responsible for the 
rise In osmotic pressure ; indeed these are the only substances present 
in muscle in sufficient amount to give any appreciable effects. The 
membrane thus appears to be impermeable to potassium salts. This 
would limit the direct action of potassium salts on muscle to the region 
outside this membrane, and, in sufficient concentration, they would create 
a difference of potential at this membrane. I have not found potassium 
salts to give rise to shortening of muscle of that degree of permanency 
which may be produced by nicotine, acids, alkalies, etc. The rate of 
relaxation of a potassium contraction in muscle depends on the rate at 
which they are washed out. The shortenings produced by the other 
substances will persist. when saline 
ing solution. 
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The 3 physiological action of nicotine on the different muscles 


of the frog has been the subject of investigation by Langley@. I find 
that the effect of immersing the sartorius muscle in a bath of Ringer's 
solution containing 0°1 °/, nicotine may be paralleled in all its essential 
features by substituting a suitable concentration of potassium salts for 


the nicotine (Fig, 6). 


The illustration given compares the action of a 01 % solution of 


nicotine in Ringer on the sartorius muscle of one 1 8 of a eas, 
with the effect pro- 
duced on the sar- 
torius muscle of the 
other leg when potas- 
sium salts of the 
concentration given 
were substituted for 
the nicotine. oe 
The almost com- 
plete similarity of the 
actions of these two 
solutions, and the 
regularity with which 
I have observed this 
similarity of action 
occur under these 


conditions; leave me Fig 6. Muscle “a” treated with 0-1°, nicotine, Muscle 


h treated with 0°35 % neutral potassium phosphate 
no doubt but that 40006 potassium: chloride: 1 m. interval of one 
this strength of nico- minute. All solutions made up with Ringer. Both 
tine must produce its Rate of drum 
effects by causing the Sn ee 


displacement of com- 

paratively small concentrations of potassium salts which me a 
about the contraction results. This seemed to receive confirmation. by 
my finding that potassium salts added in sufficient concentration 
(0°1 */, KCI) to the nicotine solution would either abolish the nicotine 


effect or else profoundly modify it. When higher concentrations of 


potassium salts were added to the Ringer-nicotine solution the effects 


noted were such as might be attributed to the potassium salts alone, 
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I aleo found that after the sartorius muscle had been treated with a 
bath of Ringer's solution containing 0°1 °/, lactic acid, for one minute or 
so, and then the bathing solution replaced by one containing nicotine 


(01 %), the nicotine effect either did not occur or was profoundly 


modified, the modification being that of a greater or less diminution in 
the extent of the shortening and then this would be followed by a 
gradual return to the base line. Muscles after being treated successively 


with the lactic acid and nicotine baths, as mentioned =e were uns 


to give good potassinm contraction effects. 

Langley’s experiments on the antagonism of the nicotine neon 
by potassium salts, were not, perhaps, entirely satisfactory, since the 
percentage of KCl used was sufficient to cause a preliminary contraction. 
I have found that the unloaded sartorius gives a quite perceptible 
shortening when placed in Ringer's solution containing 02 % potassium 
chloride, the extent of the shortening increasing if the concentration in 
potassium salts be increased. The duration of the shortening is also 
increased when increased quantities of potassium are employed, though 
the shortening produced by the neutral potassium phosphate does not 
seem to last as long as those produced by corresponding concentrations 


of the chloride. In some experiments the phosphate was also observed 


to produce twitchings. During the breeding season, at least, the muscles of 


female frogs appear less sensitive to potassium than do those of male frogs. 


In the perfused gastrocnemius muscle loaded with 20 grams, 
5 of shortening begin to appear when the concentration of the 
perfusing solution reaches 0-2 /, The effects vary from individual to 
individual and also, as mentioned above, with the sex, In some animals | 
a 0:2 % solution of potassium chloride added to Ringer will produce a 
considerable amount of shortening; in others little or none will be 


observed though fibrillar contractions appear. The general character 


of the results noted above suggests that the substance more particularly 
acted upon by a 0'1 / solution of nicotine is one which liberates com- 
paratively small concentrations of potassium salts, and so induces 
contraction, and that the nicotine effect may be produced in this way. 
Langley has shown that the tonic contraction produced by the 


higher concentrations of nicotine takes place in two stages, and that the 


initial effect seems to be proportional to the concentration of nicotine 
employed up to about 1%, I find, however, that the second phase 
differs essentially from the second phase which may be produced by 
lactic acid, since the second stage of shortening produced by nicotine is 
‘not proportional to the concentration employed. In all my experiments. 
each concentration of nicotine, from 0:1 °/, upward, caused the muscle 
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shortening the muscle could produces. When the submaximal concen. 
trations of nicotine were employed, the lever did not write a horizontal 


line ‘on the drum at a stage where two further shortenings could de 


obtained by increasing’ the strength of the solution in nicotine. It was 


possible to obtain effects simulating those produced by the acids by , 


increasing the strength of nicotine to which the muscle was subjected, 

but since, at the time of substitution by the new and stronger solution, 

the writing lever was going steadily upward the effects n. ae 
already mentioned under the acids. 


It is also the case that the fresh sartorius muscle es with a : 


solution of lactic ‘acid below 02 */, may relax after reaching the second 
shortening, and further shortenings may still be obtained by increasing 


the strength of the acid. Another important difference between the 


action of nicotine and lactic acid, though not from the mineral acids, 


lay in the fact that the time of. onset of the second phase bore some 
relation to the concentration of the solution in nicotine. As shown by 

Langley, which I confirm, strong solutions of nicotine (2 /) cause full 
rigor almost immediately. In the perfused gastrocnemius it was found 
that the nicotine shortening could not be obtained from a muscle which 


had been maximally shortened by lactic acid and vice versa. 


In accordance with the suggestions already put forward, I would 


regard the tonic contraction of nicotine as being produced through the 


nicotine liberating potassium salts which then raise the internal eee | 


pressure of the muscle. 
Weighed gastrocnemius a were next sine in different 
solutions of nicotine of known strength in Ringer, and then the change 


in weight of the muscles was noted after the lapse of some twenty-four — 


hours or so. In all cases a gain of weight was noted, and this gain of 


weight in any experiment was found to be approximately the same with 


each concentration of nicotine to which the muscle had been subjected. 
An example of some weights observed is the following: 


1 830 mg 445 mg, 85 
0°75 845 470 ~ 86 
0-5 400 585 34 
03 390 5⁴⁰ 88 


When similar ex periments were b performed with acids, 8 ete., 


such a correspondence in the increase of weight was not noted for sub- 


: maximal concentrations, though the differences between the — | 


and * ones were not usually great 
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_For example in to cates with cai 


The results were with the in te 
* shortenings. For with the acids a concentration which did 


not produce a maximal shortening did not also, within the limits of the 


experiment, cause, in the second shortening, the maximal shortening the 


muscle could produce, whereas with nicotine this second shortening | 


went off steadily into the full amount the muscle could apparently 
give. | 
The evidence above points to the probability that there is a specific 
action of nicotine as regards the interior of the colloidal masses. A 
colloidal solution must be regarded as a heterogeneous one, and it 
would appear that the coefficient of partition for nicotine between the 
watery and colloidal phases is high, so that the nicotine tends to leave 
the watery solution and enter the colloid. In addition, the presence of 
nicotine in the colloid appears to diminish the solubility of the potassium 
salts there, so that they diffuse out from the colloidal and enter the 
watery phase. 

An antagonism between nicotine and curare has been found by 
Langley with respect to those structures lying in the neighbourhood 
of the nerve endings, but he was able to obtain very little evidence of 


an antagonism between the two substances as regards the tonic con- 


traction produced by nicotine. I have, however, been able to obtain 
definite evidence of an antagonism between nicotine and curare in this 
tonic contraction. Moreover, the antagonism is in that action which 
appeared to be specific for nicotine, te in the second tended 
shortening. 

It might perhaps be convenient to state at this stage that nicotine 
and curare appear to be both soluble in the colloidal and watery phases, 
and though they do not appear to interfere markedly with each other's 
solubility in the watery phase, they do appear to diminish each other's 
solubility in the colloidal one. 

As already mentioned, the tonic contraction produced by nicotine in 
the sartorius muscle takes place in two stages. There may, or may not, 
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_ ghortening, and the appearance of the second stage of 8 when 
the concentration of the nicotine employed is 0:5 % and upwards, = 
Using 1°/, nicotine Langley found the delay to be not more than 
two minutes; with a 05 °/, solution of nicotine it may be as much as 
- five minutes, but usually it is much less. This I am able to confirm, 
and add that the delay of appearance of the second shortening with 
nicotine becomes a constant feature in muscles that have been curarised. 
On comparing the nicotine shortenings given by the opposite muscles of 
the same frog, one muscle being first treated with curare, the curarised 
muscle always, in my experience, enters into the second stage of 
shortening at a later period than did the first. The muscle, however, 
requires a somewhat prolonged immersion in the curare solution to 
exhibit a good delay, and this delay is much increased by adding curare 
to the nicotine solution. Non-curarised muscles treated with a solution 
of nicotine and curare of the same strength do not exhibit a delay. The 
details of these are in the of 


* 


Fig. 7. 4. Rate of drum 0˙8 cm. per minute. Sartorius placed in curare solution 
(0°16 ſ ) three hours. Then treated with 0°5 % nicotine % ourare. 

. Opposite sartorii of same frog used. Muscle “a” treated straight away with 0°5 % 
nicotine. Muscle ‘‘b” placed in 
with nicotine +0°4°/, curare 


Same as B but 1 % nicotine substituted for - of 8 minutes, 
3 m. interval of 8 minutes, etc. 


Tt must be mentioned that the nicotine and curare solutions were not 
prepared fresh for each experiment. 


It will be seen hon the records of these experiments that the hie 
in the appearance of the second phase under these conditions is a very 
decided one. It will also be seen that in its later stages the second 
shortening N at about the same rate as did the shortening in the 
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control muscles. In the earlier stages the second shortening appears 
to develop much more slowly in the curarised ones. Using the same 
strength of curare as mentioned above, the second shortening with a 
02% solution of nicotine had not appeared at the end of 40 minutes. 
These results may be explained on the supposition that both 
nicotine and curare are soluble in the potassium colloid compounds, 


and that the presence of the one diminishes the solubility of the other 


in that solution. The latent period of the second shortening under the | 


above conditions. would thus represent the time during which the 


curare is diffusing out of the colloidal into the watery or saline phase 
as a result of its decreased solubility in the colloid in presence of 
nicotine. The presence of curare in the colloid would be expected 
to diminish the rate at which the nicotine would dissolve in the colloid, 
and the presence of curare in the watery solution might also be expected 
to diminish the rate at which the curare would diffuse out. The cause 
of the slower rate of development of the shortening in its earlier stages 
may possibly be assigned to the former, and the stage where the 


curarised muscle appeared to shorten as rapidly as the non-curarised 


is possibly the one where curare is no longer present in the colloid. 
This antagonism between nicotine and curare thus appears to be an 


absorption phenomenon. 


The adsorptive action of nicotine may be sought in the quick ibi 
shortening it produces. In this particular action there is an almost 
complete similarity between the effects of lactic acid and those of 
nicotine, suggesting that these two substances are producing their 
effects by the same means, This action of lactic acid is largely 


determined by the surface tension factor, and since nicotine is a 


substance with a great power to lower surface tension it seems probable 
that the. initial. quick e produced by nicotine is largely a 


Surface tension effect. 


The action of bile and lactic acid on the different muscles of the 
frog was next compared with the effects produced by nicotine, and the 
effects were found to be very similar. Brushing bile or lactic acid over 


the muscles of the arms of the frog induces a cataleptic condition just 
as does nicotine, By confining the action of these substances to a 


particular muscle (¢g. the pectoralis major or minor) the typical 
contraction effects of that muscle could be produced. Bile applied 
to the dorsal surface of one foot, and to the ventral surface of the 
other, induced extension of the toes in the one case, and flexion in 
the other, Strong solutions of potassium salts gave similar effects but 
not so long lasting. Punctiform application of bile, lactic acid, or 
potassium salts to a muscle developed the appearance of a flow of the 
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muscle substance to the point of application. These effects seem to be 
local shortenings. 

For the reasons above ce I would suggest that nicotine acts by 
mobilising potassium salts, and that this tonic action is to be sought in 


(1) the ability of nicotine to displace potassium salts from the surface 
of colloidal compounds largely in virtue of its power to lower surface 


tension, and (2) the high degree of solubility of nicotine in these 
colloidal compounds, the presence of the nicotine diminishing the solu- 
bility of potassium salts in the colloid and causing them to diffuse out. 


Vote The rate of this second shortening will, thus, depend on the _ 
rate at which the potassium salts diffuse out of the colloidal into the 
watery phase, and the velocity curve under these conditions has been 


shown to to a logarithmic 


a In my former. paper ib was pointed out that; tough a muscle after 


treatment with a fairly high concentration of lactic acid appeared to 
recover quickly on subsequent perfusion of normal saline, this recovery 
was far from complete. In addition to the effects already mentioned, 
there is a diminution in the height of contraction which appears to be 
distinct from that which may be regarded as due to the edema. This 
latter and the diminution caused by it both develop together and take 
some hours for their completion. There is a diminution in the extent 


of contraction which shows itself when the recovery is at its maximum. 


The extent of this diminution appears to depend upon the amount 
of the permanent shortening induced in the muscle by lactic acid. 
Thus, a muscle which has been treated with 0˙5 ½ lactic acid to a 


degree sufficient to induce a permanent maximal surface shortening _ 


will not respond to induced shocks on washing out. A very short 


treatment (some 4 or 5 secs.) with acid of this strength followed by _ 
an immediate washing out with saline, may result in a slight relaxation, 
and in such @ case a slight amount of return of response may occur. 


But such: return of response has been found in those cases where 


the maximal shortening persisted. It would appear, then, that the 
permanent shortening induced by lactic acid is to be associated also 
with diminution in the extent: of contraction on electrical — 


stimulation. 

| The amount of diminution of contraction height exhibited by 
different museles on recovery from a lactic acid perfusion varied from 
muscle to muscle, though each had been perfused with the same 


strength of acid. In some muscles the recovery of response appeared 
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to be complete when they were washed out with normal saline; after 
treatment with 028 ½ of the acid (cf. Fig. 2 of former paper). Other 
muscles would present a distinct decrease in contraction height under 
the same conditions, Actual measurement of an apparent recovery, 
however, would generally show some real though slight decrease. The 
tonie contraction persisted throughout these changes but it was not 
possible ‘to find always a proportionality between the extent of tonic 
contraction and diminution in contraction height when the muscle 
recovered. 

There are substances which on perfusion in sufficient 8 
will cause a tonic contraction in the oe muscle without any 
immediate action on its 
excitability. Such sub- 


Standes are alcohol, ni- | 
cotine and chloroform. | | | | | 
I these are perfused | N 
| 


through the gastro- 
chemius it is found | : 

there is a diminution | 4 . 
of the extent to which Fig. 8. Action of 25 % sasureted ehloroform-Ringer 


the muscle responds to on the perfused gastrocnemius, . 

an induced shock. The M- direet excitation. 
contractions now start N- indirect excitation. 
from a new base line of norma 
caused by the shortening, : 


but reach the same height as before, and are therefore 8 
diminished by the persistent shortening (Fig. 8). 

The perfused gastrocnemius is particularly suitable for these experi- 
ments because the second phase of persistent shortening develops very 
5 slowly, and the contractions evoked by induction currents are thus 
4 superimposed on the uncomplicated first phase of shortening. Now 
ie 85 the potassium contraction may be obtained from muscles which have 
3 been shortened by lactic acid, but only when this shortening is not 

maximal: if this maximal shortening with lactic acid be present the 
potassium contraction can no longer be produced. The potassium 
contraction may also be superposed on the tonic contraction given by 
nicotine, alcohol, etc.;.and within the same limits. It is also possible 
to superpose the one tonic contraction on the other. The variations in 
the excitability of the gastrocnemius muscle when it is perfused with a 
high concentration of lactic acid may be studied from Fig. 2 of former 
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paper. On both the occasions when lactic acid was perfused, the 
excitability disappeared; on both the occasions when the acid was 
washed out with normal saline, the excitability returned. The 
shortening of the muscle developed almost immediately on perfusion 
of the acid, and then remained constant throughout all these _—— 
in excitability. 

On perfusing a muscle with a sufficiently 1 concentration of 


potassium chloride (0°5*/,), a similar action on excitability is shown 


together with some degree of shortening. This shortening is not of a 
permanent character. The muscle will gradually relax in presence of 
the substances producing the shortening, and relaxes immediately these 


salts are washed out, Low concentrations of potassium chloride (less 


than 0°2*/,) seem unable to produce any shortening, though they may 
readily abolish the excitability to induced shocks. 
When a muscle is tetanised to exhaustion, and then washed wit 


with normal saline, the ability to respond recovers quickly at first 


but then gradually diminishes and the muscle grows edematous, the 
diminution in the contraction height given by the muscle in response 
to an induced shock being proportional to the extent of the oedema. 

As corresponding series of effects is given by muscles that have been 
treated with lactic acid, but such effects have not been observed as a 


result of the action of potassium salts. The persistent shortening | 


produced by lactic acid and the subsequent oedema effects are thus 
in some way associated. This similarity between the effects of producing 
 @ persistent shortening in muscle and those produced by tetanising it 
to exhaustion seems to show that the persistent shortening and twitch 
are different reactions of the same structure, and that the differences 


in the action of lactic acid and potassium salts on muscle in this 


connection are referable to differences in the permeability of the 
membrane of the sarcostyles to these substances; lactic acid passing 
through the membrane and permanently modifying the contractile 
material, the potassium salts stopping short at this 1 and 
producing their shortening effects indirectly. 

The direct action of potassium salts on muscle appears to be limited 


to those structures outside the sarcostyles, and at all concentrations 


they abolish the capability of a muscle to respond to an induced shock, 
but they do not abolish the capability of muscle to pass into a 
shortened condition. Muscles rendered inexcitable to induced shocks 


by perfusing them with small concentrations of potassium salts will 
shorten as readily as ever on perfusion with a high concentration of 


lactic acid. The solutions in the latter case may contain the same 
concentration of potassium salts as those used to abolish the excitability 
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without influencing the result. Perfusion of these inexcitable muscles 
with high concentrations of potassium salts was followed by shortening 
as readily as in the excitable muscle. 
Muscles rendered inexcitable to induced shocks by perfusing a 
solution of alcohol or chloroform through them were found to exhibit 
the same characteristics. | 
The sartorius muscle attached to an unweighted lever and tetanised 
to exhaustion by induced shocks applied in alternative directions with 
the secondary coil at O, still gave potassium and lactic acid shortenings. 
The same appeared true of the perfused gastrocnemius. In all these 
cases though the muscle did not shorten when excited by induction 
shocks, it would shorten with other agencies, and these other agencies 
produced their shortening in the same structure that shortened in 
response to an induction shock. The failure seemed to be a failure 
of the excitation process rather than a failure of the contraction one. 


oe Potassium effects on cardiac muscle. 
Ringe raus briefly mentioned that a high percentage of K salts causes 
toni contraction of the ventricle. Braunis) noticed a transient con- 
traction of the arterioles on injecting potassium salts. I have observed 
a contraction of the musculature of the frog’s intestine on placing it into 
a solution of potassium chloride (5°/,). In view of these effects I have 
examined the reaction of cardiac muscle. High concentrations of 
potassium chloride (2°5 to 30°/,) were found to produce a long con- 
tinued contraction of cardiac muscle in the frog. The effect is not an 
osmotic one, since the employment of corresponding concentrations of 
sodium chloride always caused diastolic standstill, there being a gradual 
depression of activity. The contraction produced by potassium salts 
takes place whether the heart be perfused with, or placed in a bath of 
the solution, the perfusion being performed by inserting a cannula into 
the anterior abdominal vein. Small concentrations (up to 0°2 %) of 
potassium seem only to act on the heart in one way, namely to bring it 
to a standstill in the dilated condition. High concentrations of potassium 
seem to act on the heart in two ways, first, to stop it in the relaxed 
state, and following on this there comes a condition of prolonged - 
contraction. These events succeed each other at different intervals in 
different hearts. The potassium contraction may be produced in hearts 
that have been brought into the relaxed state by previous perfusion with 
small concentrations of potassium salts, or in hearts that have long 
ceased to beat spontaneously, whether these hearts be in situ or isolated. 
The action of these potassium solutions has never been found harmful 
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within the limits of these experiments. The illustration given Fig. 9) 
represents the 11th perfusion of a heart with the 5% potassium 


chloride solution, and the perfusion was subsequently continued twenty 


times, each perfusion of potassium being followed by an intervening 
period of washing out with normal saline. Recovery took place on each 
occasion that the potassium solution was washed out with normal saline. 


Fig. 9. of heart in relaxed condition followed in aystole merging into long 


continued contraction on raising N. = perfusion pressure raised. N. S. 


pressure. 
of normal saline begun. Arrows commencement of perfusion. 


10. Contraction noed in non-beating heart by 6% potassi chloride. P. R. 
N.. | 


commencement of perfusion. 


The heart may remain in the relaxed condition for 30 minutes 


or more; on suddenly increasing the perfusion pressure, by suitably — 


pinching the rubber tubing connection, a systole is produced, followed 
by a very prolonged contraction of a more intense character. The 
systole shown in the record does not seem to have been produced 


through the rise of pressure acting as the exciting agent, but to depend 


on the rate of flow of the potassium solution through the ventricle. 
Owing to its circulatory peculiarities, the frog heart does not allow of a 
rapid flow through its cavities from the anterior abdominal vein, but by 
making a small slit in the tip of the ventricle a sufficiently fast flow 
can be obtained on increasing the perfusion pressure. The beat with 
potassium was observed only in hearts so treated, though it is fairly 
certain that in the absence of this opening the internal pressure was 
quite high. Any contraction obtained without opening the ventricle 


was not a beat but a gradually developing change. The pressure at 


which the particular heart recorded in Fig. 9 was brought to the relaxed 
state was possibly insufficient for penetration up to the contractile struc- 
ture itself, and when such penetration has been produced by raising 
the pressure an immediate beat followed by a long contraction took place. 

Loss of rhythmical power and prolonged contraction may occur in 


very rapid succession giving the appearance of stoppage in systole. It 


— ö between the series of events. The 
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long continued contraction will persist for some time, but relaxation 
eventually occurs even in the presence of the modifying solution. The 
rate of relaxation shown in Fig. 9 is comparable with an ordinary 
diastolic relaxation. It would appear that if by any means these salts 
could be almost immediately washed out, there would be an almost 
immediate relaxation, and if such high concentrations of potassium 
could be made to appear and disappear at regular intervals there would 
be @ corresponding series of contractions and relaxations. It is thus 
possible that potassium salts may be a factor in connection with heart 


SUMMARY OF CONCLUSIONS. | 


: ‘The shortening produced by lactic acid in the sartorius and gastro- 
cnemius muscles of the frog takes place in two definite stages. The first 
is reached quickly (surface shortening), the second stage is reached at 
a much slower rate (deep shortening). 

The surface shortening is maximal with a concentration of approxi- 
mately 0°5°/, lactic acid, Below this concentration the shortening 
appears to be proportional to the strength of the acid. | 

High concentrations of lactic acid give the initial or surface shorten- 
ing, and this is followed by a very slow relaxation. 

The shortening produced in these muscles by other acids also takes 
place in two stages. 

Comparison between these 1 shows that surface tension is an 
important factor in this action of lactic acid. 

The shortening with alcohol, chloroform, nicotine and bile also takes 
place in two stages. 

The second stage of shortening produced by nicotine differs from 
that produced by the foregoing substances since it is not proportional 
to the concentration. “Each concentration of nicotine seems to produce 
the full effect in this shortening. _ 

An antagonism is found betwoon nicotine and carare i in this second 
shortening. 

The action of those concentrations of nicotine which produce brief 
shortening of muscle is found to be similar to that which may be 
produced by appropriate concentrations of potassium salts. 

The persistent shortening produced by such substances as lactic 
acid appears to be brought about by a direct action on the contractile 
substance. 
| The shortening of muscle produced by a 9 concentration of 

potassium salts is found to differ from the shortenings produced by the 
other substances examined. The potassium shortening appeared to be 
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produced indirectly, and the direct action of these salts to be | limited to 
structures outside that which shortened. 

When muscles were rendered inexcitable to induced shocks by 
tetanisation, by the action of small concentrations of potassium salts, or 
by the action of alcohol and chloroform, these muscles wére found to 


shorten when treated with appropriate concentrations of potassium salts 


or of lactic acid. 
The suspension of the normal rhythmical activity of cardiac muscle 
produced by potassium salts takes place constantly up to the employ- 


ment of saturated solutions. The persistent shortening produced in 


cardiac muscle by high concentrations of potassium salts (Ringer) is 
found to be distinct from their action on rhythm. The two events 


might be separated by a long interval of time (J hour), and the 


persistent shortening might then be preceded by a systolic contraction. 
In the frog heart, perfused from the anterior abdominal vein, the 
perfusion pressure at which potassium salts suspended heart rhythm 
might differ from that at which they produced contraction. Excised 
hearts placed in strong solutions of potassium salts always shortened. 

The action on muscle of substances of widely different nature 
bas been found explicable on the assumption that they affected the 
mobilisation of the potassium salts of muscle. These salts appear to be 


- divisible into two groups, an indiffusible group situated behind a 


membrane impermeable to potassium salts and concerned in the con- 


traction process, a diffusible, group situated outside this membrane and 


more particularly concerned in excitation. 
This research was begun at the suggestion of Professor Gotch to 


whom I wish to express my sincerest thanks for his valuable advice and 


criticism. 
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CHLOROFORM AND REVERSAL OF REFLEX EFFECT. 


In his on reflex Sectors arterial blood-pressure 


Bayliss has shown that in the rabbit the reflex effect of stimulating 


afferent nerves can be changed by a sufficient dose of chloroform from 
a rise of pressure into a fall. He has in fact shown that chloroform 


| converts pressor into depressor reflexes in the rabbit, and that in this 


change it alters reflex excitation of. vaso-constrictors into reflex 
inhibition’, v. Cyon* had previously: pointed out that the common 


crediting of the ordinary afferent nerves of the rabbit with depressor 


effects on the arterial pressure, although in the dog their effeot is 
pressor, was due to the observations on the former being usually made 
under ghioral as an anesthetic. | 

In experiments on the reflex effect of ee afferent nerves on 


ckeletal muscle, using the contraction or relaxation of the latter as index 


of the reflex action, it was found“ that reflexes of inhibitory effect on 
the knee-extensor- muscle (cat, dog) are changed by a small dose of 
strychnine so as to become excitatory instead of inhibitory and thus 
produce contraction in place of relaxation. A similar action of 
strychnine has been demonstrated by Bayliss’ in regard to the blood- 
pressure reflexes in the rabbit. In the observations on the skeletal 
muscles it was further found that the alterations by strychnine of 
inhibitory reflexes into excitatory could be undone by chloroform or 
ether It was shown that with a sufficient dose of either of these 


agents after the strychnine change had been effected the reflex response 


can be changed back again from contraction to inhibitory relaxation 
once more. On allowing the chloroform narcosis to vane pass off 


This Journal, xrv. p. 316. 1898. 
Ney. Soc. Proc. uxxx. B. p. 875, 1906. 
; v Bull. d, Acad. d. Sci. de St Pétersburg, Deo. 22, 1870. 
p. 288. 1906. 
No. Soc. Proc. loc, cit. 
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the strychnine influence reappears and on then once more sufficiently 
increasing the chloroform dosage reflex contraction again replaces 
reflex relaxation. These contrary changes can be repeated a number 
of times in succession. 

The influence of chloroform upon reflexes exciting contraction of the 
extensor muscle we have now examined further in the following manner. 
As described in a recent paper’, we found that in the decerebrate — 
preparation (cat), where the knee-extensor (vasto-crureus muscle) 
exhibits marked tonus, stimulation of various afferent nerves of the 
ipsilateral limb produces in many cases, if the stimulation of the 
afferent nerve be quite weak, a reflex contraction of the muscle, 
although when stimulation is moderate or strong it produces reflex 
inhibition. Given a preparation in which the weak stimulation pro- 
duces reflex contraction we have sought whether, the stimulation of 
the afferent nerve being repeated without change in its intensity, a 
simple increase of the dose of chloroform would change its character 
from excitation and contraction into inhibitory relaxation. A difficulty 
besetting the observation is that increase of the chloroform is attended 
by progressive decline of the tonus of the muscle. This decline tends 
to obscure the observation of an inhibitory effect in two ways. The 
myograph line instead of running horizontal slopes downward somewhat 
steeply and there is difficulty in distinguishing a weak inhibitory 
relaxation from the narcosis relaxation then in progress. Further, if 
the narcosis has advanced to the degree of altogether abolishing the 
reflex tonus no background of contraction remains against Which 

inhibitory relaxation can manifest itself. We find however that in 
fact before the narcosis has advanced to this latter stage, and while 
therefore some tonus although a declining one remains, a repetition 
of the stimulus which previously produced reflex contraction does in 
many instances produce manifest inhibitory relaxation (Fig. 1). We 
have observed this in the case of the knee-extensor muscle when using 
the following ipsilateral nerves as afferents for the reflex: popliteal, 
peroneal, internal saphenous and genitocrural. 

The last-named afferent, genitocrural, deserves separate attention 
because the character of its reflex influence on the knee-extensor 
presents points of difference* from that exerted by the other afferents 
mentioned. Its peripheral distribution is to the inguinal region, and 
to the scrotum in the male; hence it is strictly speaking hardly to be 
reckoned with the other en mentioned as belonging to the limb 


? Sherrington and Sowton. Roy. Soc. Proc. uxxxmi. B. p. 488. 
Sherrington. This Journal, xu. p. 58. 1910. 


BAR 
2 
i 
* 
1 
1 
1 
a 
1 
1 
‘pes 
* 
* 
7 
1 
4 
F. 
By) <: 
4 
* 
* 
“me 
4 
a? 
e 
4 
mod 
12 
t 
te 
ny 
4 
“ 


REVERSAL OF REFLEXES, 286 


1141417 
11 11 
: HE 


proper at all. Further, whereas the afferents of the limb proper all 
readily and constantly under ordinary circumstances produce reflex 
inhibition of the knee-extensor, the genitocrural under similar circum- 
standes usually produces reflex contraction of that muscle and only 
occasionally produces reflex inhibition of it. In our present experi- 
ments we could in most cases find no strength of stimulation with 
which it evoked inhibition of the muscle. But it does sometimes do 
so. In a series of observations on altogether nineteen preparations, 
25—2 
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including some previously reported, the stimulation of this afferent 
evoked reflex contraction of the extensor muscle in all, but — 


in two individuals by occasional replace- 
ment of the reflex contraction by distinct 
inhibitory relaxation, This afferent also 
differs from the others mentioned. in. 
producing contraction as its reflex effect 
on the knee-extensor even in the de- 
capitate preparation, whereas the others 
so far as we have seen produce reflex 


contraction of that muscle only in the 
decerebrate, is. fully tonic preparation. 


It is noteworthy therefore that in the 
case of the genitocrural with its marked 


predominance of excitatory over in- 


hibitory reflex effect on the extensor 
muscle chloroform, or ether, when 
pushed, produces a change of reflex 
state in which the stimulus that other- 


wise produces reflex contraction pro- 


~ duces instead of that a reflex relaxation 
(Fig. 2). We have however not been 
able to obtain this change in every 
case in the instance of this nerve; the 


chloroform sometimes suppresses all 


reflex reaction without inducing an 
interim condition accusers: by reflex 
inhibition. 

Instances“ begin to be numerous in 
which the sense of the reflex elicitable 
from one and the same afferent nerve 


is seen to be reversed on alteration f 


some one definite factor in the conditions 


of the reaction. The change brought 
about by chloroform is an example of 
such -reversal, But. these changes of 
reaction are separable into two groups 


according as (1) the determinant altera- 
tion lies in conditions attaching purely 


contraction by ascent, relaxa- 


tion by descent. In piece No.1 


of the tracing, before chloro- 


form, the stimulus causes oon- 


traction of the muscle, In piece 


No. 2, after chloroform, he 


same stimulus causes relaxa- 
tion. The difference in level of 
the starting point of the two 


to the stimulation of the afferent paths or 00 some pet of 


responses is a measure of the 


25 2 
OF * 
‘ 
| 
x i 
* 
7 
ey 
i * 
* M ⅛ m & -.; —˖˙ÜOʃ. ¼ 
way 7 
: 2 
* 
a 
2 
4 2. it mds 0. 
N Signal below with notoh 
indicating duration of stimula- 
* 
a3 0 
i 
4 
A 
15 
* 
“4 
| 
J * 
to the genitocrural 
same 
5 intensity and frequency in 
r 
4 
* 


z 


REVERSAL OF REFLEXRS 3057 


reflex, for example the central mechanism. Belonging to the former 


group: is the change of movement of the hind limb of the spinal dog 
from flexion to extension when the stimulus applied to the sole is 
changed from a nociceptive to a tactual one innocuous in chatacter’. 
To the same group also belong the reversals observed and studied 
by Fr. Fröhlich“ and his co-workers’ in Verworn’s laboratory on 
stimulation of the afferent nerves and afferent spinal. roots of the frog. 
In these Fröhlich distinguishes two categories.. In one category the 
afferent nerve like the nerve of the opening muscle of the arthropod. 
claw* evokes a reflex contraction of the muscle when its stimulation 
is weak or relatively infrequent, but evokes relaxation when the stimu- 
lation is strong or of relatively high rhythmic frequence. We have 
recently shown“ that in the cat the afferent nerves of the hind limb 
in respect to their reflex action on the extensor muscle of the knee 
give results of this type. Under the other category distinguished by 
Fröhlich come afferent nerves which like the nerve of the closing 
muscle of the claw evoke, though in the case of the afferent nerves 


of course reflexly, inhibition when their stimulation is weak but 


contraction when their stimulation is strong. 

Turning to the other class of reversals, namely those which result 
apart from any change either of intensity or quality in the stimulation 
of the afferent nerve, a well-known instance is the umkehr observed by 
v. Uexkill* in invertebrates and by Magnus’ in the mammal. In 
these under identical stimuli a passively imposed change in the posture 
of the appendage (ray, tail, limb) diametrically alters the sense of the 
resulting reflex movement. And Magnus“ has traced this result to an 


__ influence exerted by the change of posture upon the central mechanism 


of the reflex. Other instances also belonging to this second large group, 
the sense of the reflex effect being changed diametrically though 


the stimulus to the afferent nerve remains wholly unaltered, are the 


reversals given by strychnine and chloroform. The strychnine reversal 


has been observed with the reflex inhibitions of extensor muscles“, with 


1 Sherrington. This Journal, xxx. p. 89. 1903. 
® Zeits. f. allg. Physiol. 1909, rx. p. 85. 
* Tiedemann. Zeits. f. allg. Physiol. 1910, x. 188. Vessi. Zeits. f. allg. bu 


1810, =. 


4 0. Richet. Arch. de Physiol. 1879. Biedermann. Sitsungeb. d. k. Akad. 4 
Wiss. Wien. 1887. Fr. Fröhlich. Seitech. f. allg. Physiol. vu. 1908. 
5 Roy. Soc. Proc. xX. B. p. 435. © Zeitech, f. Biol, 1997, xxxvm. 
Arch. 1910, oxxv. 8 Pfuger Arch. ibid. 


Sherrington. Op. eit. 
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depressor reflexes on blood-pressure’ and with the expiratory reflex 
from ammonia which becomes inspiratory’. The chloroform reversal, 
which is of opposite sense, has been observed with pressor reflexes on 
blood-pressure? ; ; the observations in this paper show that it can be 
traced also in reflexes expressed: by > skeletal e 


Bayliss Op. cit. 


J. Seemann. 1910. 
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om THE QUESTION OF THE IDENTITY OF PEPSIN 


AND RENNET. Br AGNES ELLEN PORTER, 


“Uren 15 Lister Institute of Preventive Medicine, London.) a 


THE question of whether the activities ascribed to rennet a pepain 


are in reality due to one and the same ferment, has been now under 
discussion for some ten years without any clear solution being arrived 


- This continued difference of opinion is, according to a recent 


writer—A. Rakoczy—due to the fact that most supporters of the 
identity theory have used stomach extracts other than those in which 


true rennet has been recorded. The suggestion that the two ferments 


were identical was first put forward by Pawlow (1901), who has since 


that time found many supporters. Among these are Pawlow and 
Parastschuk (1904, p 451), Sawjalow (1905, p. 20), Nencki and 


Sieber (1901, p. 312), Michaelis (1909, p. 234), Van Dam (1910, 


p. 886). All these authors believe that one and the same ferment acts 


as rennet in neutral solution and as pepsin when the reaction is acid. 
According to Michaelis pepsin is amphoelectric and only when carrying 


a positive charge, as in acid solutions, is peptic. He suggests that in 


neutral ‘solutions when it carries a negative charge it may functionate 
as rennet. 
On the other hand Hammarsten (1910, p. 158) and Rakoczy 


| (1910, p. 460) regard the two ferments as independent. They base 


their belief upon the want of proportion between these activities in 
different stomach extracts and commercial preparations. Rakoczy 
has been able to effect separation of the rennet from the peptic 
functions by dialysis of stomach extracts whereby the pepsin was 
precipitated and the rennet left in solution (p. 444). He also found 
that weaker solutions of hydrochloric acid would extract rennet _ 
the stomach wall, while stronger solutions extracted pepsin (p. 453). 
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whe ‘believe the to be identical. do so. because 


they find the functions running parallel under various treatments. 


The disappearance of rennet only, which takes place when a rennet- 


pepsin preparation is warmed for a few days, has been explained b7 


Van Dam (p. 322). This is not due to disappearance but merely to 


masking of the rennet by the appearance of substances inhibitory to 
coagulation but not to digestion. These could be got rid of by dialysis, — 
leaving pepsin and rennet behind in their original proportions. Funk — 


and Niemann (1910, p. 272) find an entire parallelism between the 
ferments on filtration. Spiro (1906, p. 368) and Petry (1906, p. 355) 
regard rennet as proteolytic, but only ‘to casein. 

There are several points about this theory of the identity of pepsin 
and rennet which at first sight must strike everyone as remarkable. 


The actions seem so very different and indeed opposite. How can the 


same ferment both precipitate and dissolve the same protein? If 
precipitation were necessarily the first step, and by altering the con- 


centration of ferment or salts, or the surface of the zymolyte, made 
the second step of digestion possible, this difficulty would be lessened. — 


The process is, however, not so simple. Coagulation may occur without 


digestion, digestion without coagulation, or both may occur. It has 


indeed been stated by Zuntz and Sternberg (1900, p. 362) and 


by Hawk (1904, p. 46), that milk protein which has been coagulated 


by rennet is less easily digested than fresh milk protein. . 
It is generally supposed that inhibitory substances act by forming 
a complex with and masking the ferment itself. This has been shown 


for the anti-pepsin and anti-trypsin of Weinland, and for. serum 


anti-rennet, by Weinland (1902, p. 52), Dastre and Stassano (1903, 
p. 634), and Fuld and Spiro (1900). On the other hand these 


inhibitory substances are acknowledged to be specific for each function 
(if not for each ferment). Authors who believe that pepsin and rennet — 
are identical, eg. Van Dam, have even explained a want of parallelism — 


under treatment, by the appearance of inhibitory substances, hindering 


the one action while leaving the other unchecked. These statements 


appear so contradictory that in order to treat the identity theory with 
justice, it is necessary to leave on one side for the moment the possibility 


that inhibitory substances, such as amino-acids, unite with the ferment, 


but to regard them as acting in some other way, i.. on the substrate. 
This is necessary. because the specificity of these inhibitory substances 


is so very much more obvious than their mode of action on the ferment. 
For example, we have Van Dam’s adventitious rennet-inhibitory sub- 
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stances which did not act on pepsin, there is also the ‘strong rennet 
preparation, which I have described (1910, p. 385) as anti-peptic. - 
was led to go into this question because I had come across this 


rennet preparation just mentioned, which was actively milk-coagulating 


and at the same time strongly anti-peptic. This circumstance appeared : 


at first peculiar enough to merit further investigation. With this in 


view, I obtained several cpp epsiaees rennet and pepsin preparations. 
— were : 


Mackenzie's Rennet, 1909 and 1910 (Edinburgh), liquids, 
Melmoth's Rennet, date unknown, liquid, 
"Evans, Lescher and Webb's Rennet, date 
Byk’s Rennet powder, | ee 
Rays Pepsin powder. 


Peptic activity was means Mott's fobes 
containing coagulated serum, egg-white, or milk. Where milk was 
used, the ferment was mixed with the milk before it was drawn up 
into the capillary tubes. It was then allowed to set at 37°, when it 
could be cut into short lengths, and placed in 0°25°/, HCl Serum 
was most often used, as it is so quickly acted on. Two small lengths 
of serum were always placed in the ferment, and the four eaten ends 
measured with a fine metal ruler, or with the vernier of a sliding stage 


undder the low power of a microscope. The four counts were added 


together to give the units of digestion. 

This method is not without error, but its extreme . . 
and the fact that digestion and inhibition are so marked and striking 
to the eye, make it very serviceable. The chief objection to the method, 
namely that peptic action is lessened by products of digestion gathering 
in the capillary tube and preventing the diffusion of fresh pepsin to 
the ever retreating surface of protein, is of less consequence in this 


Sörensen's method (1908, p. 45) of testing for the increase of 
neutral carboxylic groups in proximity to amino groups, by means of 


titration with neutral formalin-phenolphthalein solution, was discarded, 


after trial, as unsuitable. After days of digestion the increase in this 
acidity was too slight to cover the margin of error sufficiently. ee 

Other methods of testing for. increasing albumoses depend upon 
methods of separation by precipitation which are unsatisfactory. 
The dissolving action of the pepsin, which is so rapid at. the first 
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measuring the first stage as with Mett's tubes the most satisfactory 
and obvious results can be obtained. | | 
Measurement with edestin (Fuld and Levison, 1907, p 78) was 
used only to estimate peptic action, for demonstrating inhibition it was 
unfortunately useless, , 


Anti-peptic action F rennet preparations. 55 

In the following experiments an attempt has been made to discover 
whether the other rennets, like Mackenzie’s, were anti-peptic, if the 
anti-pepsin were accompanied by evidences of the presence of amino- 
acids, if it could be got rid of by means of dialysis, and if, on its 
removal, pepsin could recover power in proportion to the rennet present. 


All four liquid rennets were strongly anti-peptic, the rennet power 


hardly so at all. | 
() Mackenaie’s Rennet, 1909. 


Bennet action on 8 0.0, milk =1/4000, +0-2 ¢.¢, 10 % CaCl, - 1/17000. 
Peptic action, in 24 hours, on edestin—none visible. | 


9 * fibrin 99 
” egg-white 97 
” ” ” casein 55 
” ” serum—very slight. 


Reaction with methylorange, 1 0. d. required 0-05 0.0. N/10 HCI. 

phenolphthalein per 1 u. 0. required 0-25 0.0. N/10 KOH. 

5 „ neutral formalin-phenolphthalein solution per 0. 0. required 0°68 o. o. 


N/10 baryta. 
Anti-peptic action. 
Units of serum digested by 
exp. 0°126% HCl 98% HC) % HCI 018 % reduced to 
26 — 8˙7 — 38 ˙4% 
2 19 — 52 — 27˙ 
8 79 — (40% — 51˙3 
4 24 — 12˙5 — 52 
6 20 — 2 — 10 
7 46 — 8 — 17°2 
8 — 7 — 
66 — 38 — 786 


NB. The pepsin used in the above as in later experiments was Ray’s pepsin powder 
1% in HCI of the above strengths. The rennet was regarded as neutral. 
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| PEPSIN AND RENNET. 393° 
The amount of acidity in this rennet after the addition of formalin- 


phenolphthalein solution, and even with phenolphthalein alone, is 


suggestive of a fair amount of protein and amino-acid impurities. The 
rennet was dialysed in parchment for two days against running water. 
After this treatment it was neutral with phenolphthalein, and after the 
addition of formalin solution, required per cc. only 0-066 a N/10 


baryta to neutralise. Tt had lost at the same time all its anti-peptic 


against water. 
of serum digested by 
No, of exp. 0°126 % HOI 018% “0125 % HCI 018% HCI 
21 — 18˙6 — 
2 — 10 — 8 
9 — 89 — 85 
4 — 92 — 99 
7 — 88 — 76 
Averages 66-4 : 66-9 


Although this dialysed rennet had retained all its milk-coagulating 
properties in full measure, it had gained no peptic activity whatever, 
and even on serum it was totally inactive. This same dialysed rennet 
turned after ten days spontaneously inactive as rennet. This point will 
be dealt with later more fully. 7 

The organic acidity in this rennet (given below under Reaction) 


points to a fair amount of protein and amino-acid impurities. After 


dialysis against running water for two days, the milk-coagulating action 
of this rennet was reduced from 1/340000 (with CaCl,) to 1/42500 
(with CaCl,), which was still powerful. The anti-peptic action had 
disappeared with the organic acidity, but had left no peptic action 
behind. The preparation contained in fact, after this purification, 
much rennet but no pepsin. Dialysed against N/20 HCl without extra 
CaCl, the rennet coagulated milk at dilutions of 1/1100 as rapidly as 


in its original state, (The limits of its rennet action were unfortunately 


not tested.) Organic acidity and anti-peptic had W i 
action was not absent, but had not increased. 85 
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(2) Mackenzie's Rennet, 1910. 
Nennet action on 8 0. a. milk=1/8000,. 0.0. 10 % CaCl,=1/840000. 
_ Peptic action, in 24 hours, on edestin—none visible. 
„ phenolphthalein per 0.0. required 0-266 b. 0. N/10 KOH. 


N/10 baryta. 
Units of serum digested by 
5˙8 
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| Renn 1910 
unaffected. 

Units of serum digested by 
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hat he ad pd 


Units of serum digested by | gee 
ac in 
No, of exp. 0'125% HO 018% HO 0 % HCl 018% HC 
2 108 - — 72 * 
8 — 89 — 72 
3 — 92 — 80 
Averages: 3 80 60 
Melmoth' Rennet. 
Rennet action on 8 6.0, milk = 1/800, +08 10 =1/17000, 
* serum 
” edestin—some action. 
methylorange, 1 0. 0. required 0-2 o.c. N/10 HCl. 
ja ~ phenolphthalein per o. o. required 0°31 c.c, N/10 KOH. 
neutral formalin-phenolphthalein solution per o. o. required 1: sno 
baryta. 
action. | 
Units of serum digested 
exp. 0195 % HO 018% HCL HCI 018% HO reduced to 
— 0 — 0 
21 — 0 — 0 
8 7 — 0 — 0 
5 — — 6˙5 
6 — 66 — my 6 
7 104 — 


The 1 in this rennet after the addition ‘of neutral forinalin- 

phenolphthalein solution, and even with phenolphthalein alone, indi- 
cates a large amount of protein and amino-acid impurities. Unlike 
the Mackenzie rennets it contained salts, especially NaCl, in a con- 
centration sufficient to account for inhibition without regard to organic 
impurities. Dialysis against N/20 HCl for two days sufficed: to rid 
the. rennet: almost completely of anti-peptic ingredients, The milk- 
coagulating power was unaffected by this treatment, while a certain 
amount of peptic: power was gained, equal to that of Mackenzie 1910 
on serum, but slight in comparison to that of 1°/, pepsin powder. 
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Units of serum digested by 
cc, acid 0°6 cc. acid 0% cc. acid 
No. of exp. Total acidity., HC 018%, HCl 
* 89 29 20 
92 86 80 
8 45 22 20 


0% c.c, acid rennet 
No. ot nb. 018% HC 018% HCl 
1 92 77 
2 65 ; 65 
8 105 95 


A companion sac, containing this rennet, was placed in a few cubic 
-centimetres of N/20 HCl. After two days, not a trace of rennet could 
be demonstrated in this HCl solution outside the sac, it became however 


rapidly anti-peptic, reducing the value of pepsin powder to about 36°4°/, — 


Table showing ection of solution in contact with sac 
containing Melmoth s Renmet. 


Units of serum digested by 
0% cc. pepsin 40800 75 outside ‘ 
No. of exp. 0°18 % HCI About 018 % HCI reduced to 
1 89 28 
2 92 23 ear 
3 66 39 — 
30 


Averages: 82°38 


Evans, Lescher and Webb's Rennet. 


Rennet action on 8 6.0, milk=1/4000, +-0°2 0.0. 10 % CaCl=1/17000 (incomplete). 
Peptic action, in 24 hours, on egg-white—none visible. | 

” ” „ serum ” 

” ” „ ” 

” ” „ edestin—slight. 
0.6. N/l0 HCL 

‘+phenolpbthalein (titration aidionlt) per = circa 0-87 N/10 KOH. 

Anti-peptic power. 


Where equal quantities of 1% pepein powder and. this ‘were 


added together there was a total inhibition of peptic activity. This 
action was sufficiently explained by the presence of a large quantity 
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against N/20 HCl results were similar to those obtained by dialysing 
Melmoth’s rennet. The inhibitory action was much reduced, without 


much recovery of pepsin taking place, 


Byk’s Rennet powder 1 . 
Rennet action on 8 ¢.0. milk 1/0000, 4 0˙2 ¢.0, 10 % CaCl = 1/85000. 

Peptic action, in 24 hours, on egg-white—none visible. | 

” ” ” serum ” 

edestin ” 
1 0.0. 0˙05 0.0. N/10 HCl (neutral). 
+phenolphthalein per o. 0· 006 b. 0. N/10 KOH (neutral). 
+ neutral formalin-phenolphthalein solution per 0. C0. 001 0.0. N/10 — 


(neutral). 
| Anti-peptic action very slight. 
Units of serum digested by 
No, of exp. “(195% HCI 918%, HO 90.14% HOI 618% 
21 — 19˙8 
2 — 89 — 74 
8 — 92 — 66 
4 — , 66 — 56 
5 — 104 — 98 
Average fall to 88%), 


This preparation, which dissolved 1 in water, appeared 
to contain no appreciable protein or amino-acid impurities to account 
for the remarkable want of peptic power in so active a rennet. A 1% 
solution in 0°18°/, HCl (N/20 HCl) was dialysed against N/20 HCl for 
two days, gaining thereby absolutely no peptic power whatever. If any 
anti-peptic action could be ascribed to this rennet before dialysis, certainly 
after dialysis it appeared wholly indifferent in the matter of digestion, 
while retaining its remarkably active rennet properties as before. 


— 
No. of exp. 037%, HC 0°27 HC 
68 
2 105 
8 84 
Averages : 84°66 84°66 


_ A ‘comparison thin native rennet powder and an 
ie. Ray's, is instructive. 
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398 PORTER. 


Rennet action on 8 o. c. milk 1/5500 alone, 702 6.0, 10 % (thing, 
but weaker than Byk). 1 


Peptic action on edestin, io 1000 (1 inch long). 


aim, splay eaten ont in fow boars in of 


025°, HCI. 
of 0°25 %% 
action of Byk’s rennet), ‘ 
Reaction - methylorange 1 ¢.0. 0°075 0,¢. N/10 HCI. 


phenolphthalein per co. ~ 0°15 0.0. N/10 baryte. 
- neutral formalin-p phthalei solution per d. 6. - 0-88 6.6. N/10 baryta. 


The above indicates the presence of protein impurities, not present in Byk’s rennet. 


These rennet and peptic preparations which have been examined 


display no parallelism whatever in milk-coagulating and peptic power. 
This want of parallelism is not to be explained by the presence of 
amino-acids and protein impurities. When purified by dialysis, of all 


anti-peptic substances, these rennets recovered very little, or no peptic — 


power, while retaining their milk-coagulating properties. 


There remains to be described an interesting phenomenon illustrative 


in another way of the entire independence of these two ferments, 8 


* 
A non-anti-peptic rennet- 


It before that Mackenzie’ srennet 1909, dialysed 


for two days against running water, was immediately after removal from 
the dialysing sac as active a rennet as before, but after ten days under 
toluene, was found to have become spontaneously inactive. It had 
become not only inactive, but inhibitory to fresh rennet, It will be 
remembered that Mackenzie’s rennet 1909 was anti-peptic in its original 


state. This anti-pepsin had however disappeared during dialysis, the 


preparation remaining, after dialysis was completed, permanently: in- 
different to the action of pepsin. Seven estimations gave an average 


of 66°4 units for 0°5 cc, pepsin + 0°5 cc. water, and 66˙9 for 0°5 oc. 


pepsin and 5 C. c. dialysed “rennet” (“ rennet” which was now inactive, 
and inhibitory to fresh rennet), 


This rennet inhibition appearing suddenly in a dialysed preparation, : 
washed ‘clear of amino-acids and unchanged in salt content since the 
conclusion of dialysis, seems difficult to explain. Van Dam (p. 322) 
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has mentioned that dialysed rennet is unstable, but he does not state 
that it may become actually inhibitory. 

In order to demonstrate the inhibition an excess of the inhibitory 
rennet was necessary. This however was to be expected in the case of 
a ferment which acts 80 rapidly, and in such small traces, as does rennet. 
The inhibition was peculiar in that, when exerted against weak or 
diluted rennets, the curd was not only delayed, but was usually . 
a oe of curd floating in liquid milk. | 


Table th ation of rat 
(inactive “ 1909”). 


Minutes at 40° 
Fresh milk—2 C. 14 20 25 66 
Mackenz. 1910 1/50 — — — — 
0,0, water... 1/600 curd — — — — 
0.200 inactive 1909 ... 1/600 — plete — 
0˙2 C. 0. water 17¹²⁰ — — curd  — 
0˙2 0,0. Melmoth 1/10. — — 
0-2 o.c. 1/100 —  ineom- — 
rennet 100. — — — — — 
0˙2 ¢.c. water — — plete 
0-2 0.0. Byk 1/500 — in- 
0-2 ¢.0, inactive 1909 1/6000 — — — — complete 


(On another with freshly diated Byk's rennet 


Mins. at 40° Hours 
milk-—2 c.c Dilution in mil 18 2 
0-2 0.0. Byk’s rennet 1/1000 — — — 
0°2 0.0. water sie 1/12000 curd — 
0˙2 0.0. Byk 1/1000 — — 
0-2 0.0. | 1/12000 Nil 


The absence. of protein 3 in the dialysed rennet 1909 0 
made it difficult to explain the appearance of an anti-rennet otherwise 
than by supposing that the ferment had degenerated into a zymoid 
form. It must be remembered that zymoid forms of rennet are known 
to occur. Bearn and Cramer (1907, p. 174) have observed them in 
heated rennets, and Korschun (1902, p. 375) through binding experi- 
ments with serum anti-rennet. The nature of the inhibition exerted 

PH. XIII. 26 
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400 A. E. PORTER. 
by this dialysed inactive “1909” was such as to support the view that 


it was due to a zymoid. The fact that only a part of the milk usually ß 


coagulated, one small curd floating in the unchanged milk, was suggestive 
of zymoid formation. While no other dialysed rennet became inhibitory, 
all deteriorated slightly in value, as did also other highly diluted rennets. 
Such deterioration was accompanied in high dilutions by this incomplete 
coagulation, as well as delayed action, probably a tendency to zymoid 


formation. 


As this zymoid was quite indifferent to pepsin, it becomes still 
more difficult to believe that pepsin and rennet can be identical. 


SUMMARY. 


Several commercial rennet preparations have been found actively 
milk-curdling, but anti-peptic. 

This anti-peptic influence was due to substances indifferent to 
rennet. They could not therefore be regarded as acting against the 
pepsin by uniting directly with it, unless the ferments were independent. 

These substances could be easily dialysed away, leaving little or no 
inorease in peptic action. 

A rennet powder, and several dialysed rennet preparations, were 

non-peptic, and nun-anti-peptic, while being strongly milk-curdling. 

A rennet zymoid occurred spontaneously, which was indifferent to 
pepsin. 

These results are in accord with those of Hammarsten, and speak 

clearly for the independence of the two ferments, rennet and pepsin. 


I desire to express my thanks to Dr ee Dr Harden and Dr Casimir Funk 
for kind advice and criticism. | 
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THE QUANTITATIVE ESTIMATION OF THE INDO- 
PHENOL OXIDASE OF ANIMAL TISSUES. By 
H. M. VERNON. | 


Laboratory Oaford.) 


8 reaction was first made use of by Ehrlich! in 1885 
to test the intra vitam reducing power of tissues. In 1895 Réhmann 
and Spitzer? used it as a test for the oxidase of minced liver and other 
organs, and since then it has frequently been used as a test for oxidases 
both in plants and animals. It has only been applied qualitatively, 
however, and as it is such a convenient test it seemed worth while to 
investigate it in detail, with a view to its quantitative application. 
Though at present there is no clear evidence as to the connection of this 
indophenol oxidase with the other direct oxidases of the tissues such as 
aldehydase, tyrosinase and the guiaconic acid oxidase, it is probable that 
they are related to, if not identical with, one another, and that. the 
accurate estimation of any one of these oxidases would indicate in 
general terms the oxidising power of a disintegrated tissue. It is true 
that many of the experimental data hitherto obtained fail to support 
this hypothesis, but this may be due to the unavoidable presence of 
. reducing substances in the tissues. These substances, some of which 
are possibly enzymes or reductases“, act in direct antagonism to the 
oxidases, and under certain conditions entirely overpower them. Hence 


the absence of an oxidising action cannot be held to indicate the 


absence of oxidase, unless the conditions are so chosen as to give the 
oxidase the best possible chance of exerting its activity. 


1 Ehrlich. Das 8 tof-Bedurfniss des Organismus. Berlin, 1885. 
Röhmann and Spitzer. Ber. p. 567, 1895. 
* Cf. D. F. Harris. Biochem. Journ. v. p. 148. 1910. 
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INDOPHENOL OXIDASE. 


The indophenol reaction depends on the oxidation of a mixture of 
a-naphthol and paraphenylene-diamine (or dimethyl-paraphenylene- 
diamine) into indophenol in accordance with the equation : 


C,H, (NH,), + CH,. OH + O, = C,H, 

H. NH, Cr 
This reaction occurs spontaneously at a slow rate when a mixture of 
the reacting substances is exposed to the air, but the addition of minced 
animal tissues may accelerate it a hundred-fold or more. The substrate 
used by me at first contained 144% of a-naphthol (M/100), 108 % of 
paraphenylene-diamine (/ 100), and ‘25 % of sodium carbonate (/42°4). 
The a-naphthol was kept as a 1% solution in 50% alcohol, and the 
reagents were mixed immediately before their addition to the minced 
tissue, A gram or less of this tissue was weighed out into Petri dishes 
8˙8 em. in diameter, and 5 c.c. of the substrate run in, and well stirred 
up with the tissue. The stirring was repeated from time to time during 
the course of the experiment. It is important that the Petri dishes be 
quite flat, so I used ground and polished dishes, and selected the flattest 
out of a large number by running in a few c.c. of a dye solution, and 
observing those in which it was most evenly distributed. 

At the end of the experiment, which generally lasted from one to five 
hours, 10 ¢.c. of 97 % alcohol were run in. This quickly dissolved most 
of the indophenol, which, being insoluble in water, is precipitated on 
the particles of minced tissue. After about 25 minutes some of the 
alcoholic solution was filtered off, and its indophenol content tested 
colourimetrically. As far as possible the test was made 30 minutes 
after the addition of the alcohol, but in extreme cases the time varied 
from 20 to 60 minutes, A small correction was then applied, but this 
did not amount to more than 4°/, deduction from, or addition to, the 
value found. In fact the alcohol extracts the indophenol very quickly 

and completely, and the extracted tissue is almost decolourised. 
5 The alcoholic extract was compared against a colour standard ob- 
tained by adding one part of the substrate above mentioned to 200 parts 
of 50% alcohol, together with sufficient bleaching powder solution to 
give the maximum tint on standing. This was found to be one part of 
a freshly made up 5% solution. Such a mixture takes a day or more 
to acquire its maximum tint, but once acquired, it keeps it for some 
weeks, and then the colour gradually fades. The diluted substrate 
spontaneously attains the maximum colour, only at a much less rapid 
rate than when bleaching powder is added. The standard solution 
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was kept in a sealed test tube, and a measured volume of the indophenol 
extract to be tested was run into a tube of the same diameter, and 
diluted down with a mixture of alcohol and water till of the same 
depth of colour. The actual tint of the diluted indophenol varies 
considerably under different conditions from purplish pink to violet, 
but it can be brought to exactly the same tint as that of the standard 
by varying the composition of the diluting fluid. If alcohol be used 
it becomes a pure violet, and if water be used it turns pink, — 
mixtures tints. 


The velocity of oxidation of the naphthol & diamine mixture by a 
number of different tissues was investigated. Most of the results 
obtained with the concentration of substrate above mentioned are 
reproduced in Figs. 1 and 2. The tissues used were taken from rabbits 
and rats soon after death, and were chopped up as finely as possible with 
a knife. Provided the chopping is — it is of no ee to 
pound the tissues in a mortar. 
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From Fig. 1 it will be seen that 5 gm. of rabbit's kidney in 
4 hrs. 10 mins. oxidised nearly 40% of the naphthol + diamine mixture to 
indophenol. Other determinations made after 5, 1, 2 and 3 hours, gave 
proportionate amounts of oxidation, or the smoothed curve drawn 
through the experimental values shows that within the limits of ex- 
perimental error the rate of oxidation was almost in direct linear 
proportion to the time. The values obtained with rat's liver and with 
rabbit's liver show exact linear proportionality, but the rat’s brain values 


indicate a rapid decrease in the velocity of oxidation with time. Some 


values obtained with rabbit's brain lay more or less between those for 
rat's liver and rat's brain, but to avoid confusion they are not reproduced 
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Fig. 2. 


in the figure. The dotted line at the bottom of the figure shows the 
rate of spontaneous formation of indophenol. It amounted to 6°/, in 


PERCENTAGE OF INDOPHENOL FORMED 


5 hours, or is somewhat considerable. The data given in the figure 


have been corrected for this spontaneous oxidation by deducting the 
calculated amount from each of them. After three hours, for instance, 
it was found that the rabbit’s kidney had oxidised 314%, whilst 3°5 % 
of indophenol was formed spontaneously in this time. The amount 


. deducted was not 3°5°%/,, but 3˙5 x 88, =3-0°/,, for on an average during 


the three hour period 14°/, of the naphthol + diamine ( oe) 

was oxidised by the tissue, or only 86 % of it was available for spontaneous 

oxidation. | 
The curves in Fig. 2 show that under certain conditions oxidation 


may apparently cease altogether in an hour or two. Muscle, both 
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cardiac and skeletal, showed the most rapid cessation of activity, though. 
as we shall see below, its action is very different when a more dilute 
substrate is used. The activity of rat's skeletal musclé—taken from the 
thigh—apparently not only ceases after an hour, but is followed by a 
rapid reduction of the indophenol previously formed. This is not actually 
the case, the recorded diminution being due to the increasing amounts 
deducted for spontaneous oxidation. That is to say, the reducing bodies 
present in the muscle tissue greatly retard the continued spontaneous 
oxidation of the naphthol + diamine, but I have never observed an actual 
diminution in the total amount of indophenol. The curve obtained 
_ with rabbit's heart muscle lay between those for rat's heart and rat's 
brain. 

As will be shown in the next nection, the velocity of oxidation is 
increased three- to seven-fold by diluting the substrate. Moreover the 
oxidation never ends suddenly as in the above-mentioned instances, 
though the curves in Fig. 3 show that an exact linear relationship in 
the velocity of oxidation is exceptional. It was obtained only when rat's 
liver acted on 8/4 (de. the concentrations of naphthol, diamine and 
sodium carbonate mentioned above, diluted fourfold), and rabbit 's lung 
on 8/2. In addition to the curves given in the figure, one almost 
identical with that for rabbit’s heart was obtained with 3 gm. of rat’s 
heart acting on 8/2. Others very similar to that for rat's kidney were 
obtained with 2 gm. of rat’s brain acting on 8/4, and with 5 gm. of rat's 
liver acting on 8/2. Rat's lung when acting on 8/2 gave a curve mailer 
to that given in Fig. 1 for rat’s brain. 

The existence of a linear relationship between time and indophenol 
formation, which in the case of rat’s liver acting on S/4 held till 63°/, 
or more of the naphthol + diamine was oxidised to indophenol, and in 
the case of rabbit's heart and rat’s brain acting on 8/2, nearly held till 
80°/, was oxidised, indicates that in almost all the experiments there 
was present a considerable excess of substrate over and above that which 
the enzyme could attack. 

The control curve given in Fig. 8 was obtained with S/2 substrate. 
The rate of indophenol formation, relative to the naphthol + diamine 
present, is rather greater than that observed with substrate &, it being 
generally about 20% more. Similarly that with 8/4 is about 20% 
more than that with 8/2. The actual rate of spontaneous. formation 
depends upon other factors besides the dilution, so it was found best to 
make fresh control determinations every day with each strength of 
substrate used. Light has a considerable influence, and if the solution 
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be kept in absolute darkness, only 50 to 80°/, as much indophenol is 
formed. Of still more influence is the condition of the components of 
the substrate before mixing. If the merest trace of diamine, as from a 
badly washed pipette, get into the stock bottle of naphthol solution, it 
becomes faintly tinged with brown, and substrate made from it may 
show twice the ordinary rate of spontaneous oxidation. However, such 
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differences in the susceptibility of the substrate to spontaneous oxidation 
seemed to have no influence on its reaction to tissue oxidases, whilst 
light and darkness are similarly without influence. In any case it is 
best to make up fresh solutions both of naphthol and of diamine every 
few days. 

From the first curve in Fig. 3 it will be seen that rabbit's heart 
oxidised 95°5 / of the naphthol + diamine to indophenol, or in the actual 
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408. H. M. VERNON. 
experiment, before the deduction of the amount due to spontaneous 


oxidation, it oxidised 972% and then ceased its activity. In the 
corresponding experiment with rat's heart the uncorrected value ob- 
tained amounted to 103%, In both these experiments, therefore, it is 


probable that the oxidation was almost complete, and the fact that it 


ceased at about the theoretical 100°/, proves the correctness of the 


assumption that the addition of sufficient bleaching powder solution to 


diluted naphthol +diamine to give the maximum colour _— its 


complete conversion into el. 


The Efes of Concentration of Subsrate on the Rate of Oxidation 


As already mentioned, the tissue oxidase acts much more rapidly 
upon dilute than upon concentrated substrate. The accompanying 
table shows the influence of various tissues acting for 30 to 150 minutes 
upon five different concentrations of substrate. In order to give the 
cardiac and skeletal muscle the best relative chance of acting on the 
more concentrated substrates, their time of action was reduced to 30 
minutes. In spite of this they oxidised about five times more of the 
naphthol + diamine when acting upon 8/2 or more dilute solutions, than 


when acting upon & solution. Upon 28 solution none of the tissues 


-. exerted much action, and in one of them, rabbit's brain, the reducing 
substances were more active than the oxidases, and the oxidation 
effected was less than in the control. It will be seen that in four out 


Concentration rabbit's Im. rate: “Sgm.rabbit's ‘Sgm.rat's rat's 


2 ~% 5 2 — 
* 8 6 7 16 16 aa 
a2 41 52 44 14 
8/4 44 28 58 60 44 16 
805 43 22 52 41 87 10 


of the six series of experiments the maximum oxidation occurred in the 
8/4 solution: in one it was equal in the S/2 and 8/4 solutions, and in 


the remaining one it was greatest in the 8/2 solution. In four out of 


the six experiments it was distinctly less in the 8/8 solution than in 
the 8/4, but it is possible that this apparently adverse effect of increased 
dilution is connected rather with the alkalinity of the solutions, than 
with the concentration of naphthol + diamine. The alkalinity was varied 
in the same proportion as that of the other constituents of the substrate, 
and amounted to ‘25‘/, Na, OO, in the S experiments, and to 03125 / 


* 
¢ 
. 
. 
1 
5 
| 
2 
tod 
¢ rae 
a4 4 
om 
an 
Be, 
* * 
* 
- 


INDOPHENOL OXIDASE. 409 


in those with 8/8. A series of experiments in which 5 gm. of rat's 
liver was allowed to act for 120 minutes upon various substrates con- 
taining various concentrations of alkali showed that with substrate 8 
125 ½ Na, OO, was the optimum degree of alkalinity, 22°/, of indophenol 
being then formed as against 16% when 25 or 0625 / Na, CO, were 
used. With substrates 8/2, S/4 and 8/8 the oxidation was almost the 
same whether 125 or 0625 % Na, CO, were used, but with 03125.°/, 
Na,CO, it was rather less. However, the error of experiment is in- 
creasingly greater with the more dilute solutions, so a large number of 
observations with different tissues acting for different times at various 
alkalinities would be required to afford satisfactory evidence. 

So great is the effect of dilution of the substrate from S to S/2, that 
the absolute amount of indophenol formed in the latter solution is 
generally more than twice as great as in the former. Hence this is the 

best solution to use if a maximum yield of indophenol is desired. 


The Laws of Action of Indophenol Oridase upon various Substrates. 
Almost all of the research hitherto carried out upon the direct 
oxidases has been qualitative, but in 1897 Medwedew investigated 
- quantitatively the action of a saline suspension of ground-up calves’ 
liver upon salicylaldehyde. The salicylic acid formed in 42 to 79 hours 
at 39° C. was extracted and estimated colourimetrically after the addition 
of ferric chloride. Medwedew found that the amount was proportional 
to the square of the concentration of the ferment, and inversely propor- 
tional to the square root of the concentration of the salicylaldehyde. 
Neither part of such a law of action has been observed to hold for any 
other ferment, and on the face of it its validity seemed improbable. 
I have found, however, that under certain well-defined conditions the 
first part of the law holds likewise for the action of the indophenol 
oxidase of the tissues. The data given in the previous section show 
that the second part does not hold, though with concentrations of 
substrate greater than S/4 the indophenol formation diminishes with 

increasing concentration. 

The law of action was at first investigated by allowing 5, 25 and 
‘125 gm. of various tissues to act upon substrate S for a constant time, 
generally 120 minutes. The results obtained show a rough agreement 
with Medwedew’s law. For instance, the quantities of rabbit’s kidney 
mentioned formed 18, 5 and 1°1°/, of indophenol respectively, whilst 


1 Medwedew. Pfliiger’s Arch. uxv. p. 249. 1897; and uxxtv. p. 193. 1809. 
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the theoretical proportions of 16: 4: 1 require amounts of 20, 5 and 125% 
respectively. The same quantities of rat's liver formed 19, 7 and 2˙1% 
respectively, instead of the theoretical 28, 7 and 175%. The same 


quantities of rat’s brain formed 18, 3˙3 and 9%, instead of the 


theoretical 13, 3˙3 and 8 /. A more instructive method is to allow 
amounts of tissue to act for such times as should, if the law held, yield 


equal amounts of indophenol. Thus in each of the experiments recorded : 


in the accompanying table the product of | 
of tissue)“ x time =a constant (20). 


lgm. 20 mins. 10 #8 7 1 1 28 12 10 
„„ 4 28 381 
J))ͤ¾⅛ 2 19 7 5 47 89 
4 18 18 9 4 67 532 
8 222 1 81 66 

Mean p.c. of indo- N 

7 to 4 gm. 


The data in the first series were obtained with rat's kidney, and it 


will be seen that the first four values are nearly constant. That is to 
say, for times varying from 20 to 125 mins. the law of squares held. 
Beyond this it failed completely, presumably because the oxidase ceased 
_ to exert its activity, as it did in the curve of action of rat’s kidney re- 
produced in Fig. 2, Of the other tissues investigated, rat's liver, rabbit's 

kidney and rabbit's brain acted roughly in accordance with the law of 


squares for 41 to 222 mins, and then broke down, whilst two of the 


tissues, rat’s brain and rabbit's liver, did not obey it well at any stage, 
and failed so completely in the 320 mins. experiment that they then 


effected less oxidation than in the control. It will be noticed that 1 gm. 


of tissue, acting for 20 mins. as a rule failed to effect the expected 
amount of oxidation. The probable reason of this is that with such a 
_large amount of tissue, spread over a comparatively small dish, many of 
the particles are not exposed to the air and so fail to exert much 
oxidation. The effect of surface exposure on oxidation will be referred 
to in a subsequent section. 

If similar experiments as regards weight of tissue and time of action 
de made with substrate 8/2 instead of &, the results obtained entirely 
disagree with the law of squares. Two such series are given at the 
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extreme right of the above table, and both show a steady and very rapid 
increase, in the percentage of indophenol formed, from a minimum of 


10 to 12% when 1 gm. of tissue acted for 20 mins. to a maximum of 


76 to 86°/, when ‘25 gm. acted for 320 mins. In fact with this concen- 
tration of substrate the tissue oxidase acts in direct proportion to its 
amount. A series of experiments in proof of this law of: direct 
proportionality is given in the table. A somewhat more suitable 
concentration than S/2 was found to be 38, and weights of tissue 
varying from 7 to 25 gm. were allowed to act for times —— 18 5 
57 mins. up to 160 mins. In each case the product of 


weight of tissue x time =a constant (40). 


gm. Simin. 74 3 
| 


It will be seen that the data obtained with rat's liver and with 
rabbit's kidney are constant throughout, within the limits of experi- 
mental error. Two other series show a slight diminution in the 
indophenol formed by 25 gm. acting for 160 mins, and three others a 
rather greater one, but the rabbit's liver data are the only ones which 
show a considerable departure from the law. of direct proportionality. 


The deviations, when present, are doubtless due to the gradual decline 


in the velocity of oxidation with prolonged activity which is illustrated 
by most of the curves in Fig. 3. | 

When similar experiments to the above were made, but with 
substrate S/4 instead of 3 S, the data given in the extreme right of the 


table were obtained. These results show that, instead of the percentage 


of indophenol remaining constant, it increased gradually and somewhat 
rapidly with diminishing weight of tissue. In fact the law of action of 
the oxidase is no longer one of direct proportionality, but of proportion 
to the square root of the amount of ferment (Schiitz’s law). The next 
table gives data in support of this law. Weights of tissue varying from 
81 to 09 gm. were allowed to act for times e from 444 to 133 
mins., or in each experiment the product of 


Went of tissue x time = a constant 0 
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‘Weight Time Tissues of rat+-8/4 Tissues of rabbit. 
tissue = action “Heart Kidney Brain Liver Muscle Heart Kidney Brain Liver Muscle 
1 gm. 444 mins. 87 32 30 20 88 61 17 26 4 140 
10 100 95 383 82 25 30 68 3 18 8 17 
138 92 485 28 24 21 15 
Mean p. 0. of indo- 3 


Tube results obtained with rat's heart and brain ure practically 


constant throughout, whilst those with rat’s liver and rabbit's kidney 
are nearly constant except for the low value obtained with 81 gm. of 
tissue acting for 44°4 mins, The explanation is the same as that given 
for the low values obtained when 1 gm. of tissue acted for 20 mins. on 
substrate S. The other series of data show some diminution in the 
values obtained when 09 gm. of tissue acted for 133 mins. and 


sometimes even when 16 gm. acted for 100 mins. Those obtained with 
rabbit's brain show a steady deterioration throughout, and agree better 


with the law of direct proportionality than with that of square roots. 


Most aberrant of all, however, are those obtained with rat’s and rabbit's | 


skeletal muscle. In fact the rat's muscle values agree with the law of 
direct proportionality, whilst those of rabbit's muscle correspond with 
a law between that of direct proportionality and the law of squares. 


The abnormality of the action of skeletal muscle is well shown by 


the data in the next table. Weights of muscle varying from 1 to 
25 gm. were allowed to act on various substrates for 20 to 320 mins. 


W Time Rat Rabbit Rabbit Nat Rat 
Im. 20 mins. 47 
4 4¹ 2˙1 10 16 85 25 
8 80 8 7 28 66 18 
“4 125 — 1 N 35 635 7 
8 222 — 6 87 77 
2⁵ 320 -29 * 46 82 0 


As might be expected from the curves in Fig. 2, substrate S yields 
entirely erroneous results, and 25 gm. of rat's thigh muscle in 320 mins. 
produced 29% less indophenol than the control, when 5°7°/, was formed. 
But rather unexpectedly the indophenol formation was found to fall off 


rapidly even when rabbit's muscle acted on 8/2. When acting on 8/4, 


the indophenol formed rapidly increased from 9% in 20 mins. to 46% in 
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320 mins, whilst the corresponding experiment made with rat's muscle 
showed a similar rapid increase. That is to say, the law of action is 
something between that of direct proportionality and that of squares. 
The last series in the table was obtained when rat's heart muscle 
acted on substrate &. As might be expected from the curve in Fig. 2, 
the rate of oxidation fell off very rapidly with increasing time of action. 
Why the corresponding results obtained with rabbit’s heart (see = 
on p. 410) show so much less rapid deterioration is unknown. 
It is evident, therefore, that under suitable conditions all of the 
tissues investigated except skeletal muscle, and perhaps cardiac muscle, 
oan be induced to act upon the naphthol + diamine mixture in accord- 
ance with the law of squares, the law of direct proportionality and the 
law of square roots. Doubtless the data adduced do not always show 
a good correspondence with theoretical requirements, but considering 
the extreme sensitiveness of the tissue oxidase to environmental con- 


ditions, this is scarcely to be wondered at. Also the presence of 


reducing substances in the tissues is a great source of error, and to 
them, probably, the abnormal results obtained with muscle are to be 
ascribed. But it does not seem likely that the results obtained with 
other tissues are greatly influenced by these substances, for though the 
oxidation effected varied as 1 to 5 with substrate &, as 1 to 8 with 
substrate $5, and as 1 to 13 with substrate 8/4, the results all roughly 
correspond with the three laws of action at the three respective 
concentrations. 

As far as the few results 1 can show, the degree of alkalinity 
is without influence on the law of action of the ferment. Thus rat's 


liver, when allowed to act upon substrate & containing half the usual 


amount of Na,CO,, still acted in accordance with the law of squares, 
and when allowed to act on substrate 8/2 containing twice the usual 
amount of Na, CO,, it still acted in accordance with the law of direct 
proportionality. 
The explanation of this variable law of action of indophenol oxidase 
is by no means easy. We know that certain enzymes such as invertase’, 
rennin! and erepsin’, act in accordance with the law of direct pro- 
portionality, whilst others such as pepsin and trypsin under some 
conditions act in accordance with the law of square roots. However, 


1 O'Sullivan and 1 Chem. Soe. Trans. Lyn. P. 834. 1600 
2 Fuld, Hofmeister’s Beitr. u. p. 172. 1902. | 
Vernon. This Journal, xxx. p. 830. 1908. 
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Bayliss found that when trypsin acts on a dilate solution of 


caseinogen, it obeys the law of direct proportionality, and Moore“ 


points out that this is probably the true law of action of enzymes, just 


as it is of inorganic catalysts. He further points out that with 
increasing concentration of enzyme the effect produced is relatively 
less and less, and so over a certain range the action is roughly pro- 
portional to the square root of the concentration. Finally still greater 
concentrations cease to have any further effect. Though this explanation 
may hold for hydrolytic enzymes it is diametrically opposed to the 
results above described for indophenol oxidase, for this enzyme, though 


it acts best in dilute solutions, then obeys the law of square roots, 


whilst in more concentrated solution it obeys the law of ae 
proportionality. 


In explanation of the results obtained by him with ea salic, Ae, 
Medwedew supposed that the oxidation depends on the interaction of 


an activator and of intramolecular oxygen, which are bound up in the 
tissues, but are spatially separated. Supposing, for instance, that the 
concentration of each be doubled, then each unit of activator assists the 
transference of each unit of intramolecular oxygen to the oxidisable 
substance, or the total oxidation effected is increased fourfold. This 
explanation is supported by recent research, which points to the 


existence in the tissues of distinct oxygenases (which are perhaps 
organic peroxides’, and may contain the stored-up intramolecular — 


oxygen) and of activating peroxidases. And by a further assumption 
it is possible to apply it to the results obtained with indophenol 
oxidase in more dilute solution. It was shown previously that the 
_ oxidase acts about four times more rapidly on the substrate S/2 than 


on 8, or presumably the activating peroxidase is able to act very much 


more efficiently in the former case than in the latter. We may suppose 
that this is due to the existence of several kinds or grades of activator 


in the tissues, only the highest or most vigorous type of which can 
exert their action in concentrated solution, whilst in more dilute 


‘solution the less active ones can also help in the transference of the 
oxygenase oxygen to oxidisable material. We must further suppose 


755 2 these numerous activators to some extent interfere 1 one 


: Bayliss. Arch. d. Sei. biol. x1. Suppl. p. 261. 1904. 

* Moore, L. Hills Recent Advances in Physiology, p. 87. London, 1906. 

Cf. Kastle and Loevenhart, Amer. Chem. XVI. 589. Moore and 
| — Biochem. Journ, rv. p. 186. 1909. 
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another's activity, so that the law of action now becomes one of direct 
proportionality. In still more dilute solution an even greater number 
of activators can exert their powers, and hasten oxidation, but they 
interfere still more with one another, and so the law of action now 
becomes one of square roots. 


4 Comparison of the Indophenot Ovidase in Various Neuen. 


At the bottom of the table in the preceding section recording the 
results obtained with substrate &, means are given of the indophenol 
formed by 7 to 4 gm. of tissue. The values obtained with 1, 3 and 
25 gm. are excluded for reasons already indicated. The tables of 
results obtained with substrates 38 and S/4 give the means of the 
whole of each series of data, and all of these mean results are collected 
in the subjoined table for comparison. The value for rat’s heart 
enclosed in brackets was obtained with 1 gm. of heart muscle acting 
on substrate 8 for 20 minutes, and probably represents its oxidase | 
content better than would a mean of the 7 to 4 gm. values. : 


— 

Tissue ‘8 8 48 
Heart 27 66 90 19 50 66 
Kidney 12 36 61 1 26 22 
Skeletalmuscle — — 83 — — 28 
Brain 10 28 80 8 19 20 
Liver 10 28 25 4 8 7 


A comparison of these mean results shows that they roughly corre- 
spond, whatever the substrate employed, for the order of activity is the 
same in every case for the tissues both of the rat and rabbit. This 
demonstrates the constancy of the oxidising power of the tissues, for 
the various series of estimations were all made with the organs of 
different animals. In order to permit of a more exact comparison, 
relative values have been calculated. The mean of all the values 
obtained with S (viz. 12°6) was divided into each & value; the mean 
of those obtained with 38 into each 38 value, and similarly for the 
8/4 values, except that the skeletal muscle values were excluded. 


Rat — 
Tissue 8 18 8% 
Heart 2˙14 2˙06 2°31 1°51 1:56 1°67 
Kidney 95 1°12 87 61 59 
Brain 79 88 71 66 59 
Liver 19 72 64 82 "25 18 
PH. XLII. 27 
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It will be seen that the rat's tissues invariably exerted more 
oxidising action than the corresponding rabbit's tissues, rat's liver 
being three times more active than rabbit's liver, and the other 
rat's tissues about half as active again as those of the rabbit. With 
one exception the three most active tissues (rat's and rabbit's heart, 
and rat’s kidney) acted best on substrate 8/4, and worst on substrate 8, 
whilst with one exception all the other tissues acted best on S, and 
worst on 8/4. That is to say, the range of oxidising power was greatest 
when the tissues acted on substrate 8/4 (18 to 2°31, or as 1:12°8), 
less when they acted on $8 (1: 8'2), and least when they acted on 8 
(1:6°7). This is the reverse of what one might expect on theoretical 
grounds, Thus, supposing that heart muscle, for instance, contains four 
times as much oxidase as liver, then in accordance with the laws of 
action discussed previously one would expect it to induce 16 times as 
much oxidation when acting on substrate S, four times as much when 
acting on substrate 8, and twice as much when acting on 8/4. In 
that it does nothing of the kind, we must suppose that the tissues of 
greater oxidising power are not richer than those of less oxidising 
power both in oxygenase and peroxidase, but in only one of these two 
associated ferments. Supposing the amount of peroxidase to be constant 
in all tissues, and the oxygenase alone to vary, then one would expect 
the relative oxidising powers of the tissues to be the same whatever 
the substrate acted upon. Unfortunately there are not at present 
available any quantitative determinations of the peroxidase content of 
various animal tissues, so it is useless to discuss the difficulty further. 

All the results described thus far were obtained with the chopped-up 
tissues of freshly killed animals, or with tissues containing a variable 
and unknown amount of blood. Blood itself has no appreciable action 
on naphthol + diamine, and as a rule its presence makes no difference 
to the course of action of the tissue oxidase, or to the subsequent 
estimation of the indophenol fornied. Exceptionally, however, with 
tissues such as lung and rabbit’s liver, which contain comparatively 
_ little oxidase and a good deal of blood, the colour comparison is 
rendered difficult, and so a small amount of blood has to be added 
to the colour standard. In order to test whether the presence or 
absence of blood appreciably affects the oxidising power of the tissues, 
series of estimations were made with blood-free organs. Two large 
rabbits—under chloroform were perfused for 1 and 1} hours re- 
spectively with oxygenated Ringer’s solution containing 1 in 50,000 
chloroform. In each case about two litres of saline at 40° C. were injected 
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INDOPHENOL OXIDASE. 
into the cdntral end of the jugular vein, and the mixed blood and saline 


passed out of the peripheral end. The heart of one rabbit continued, to 


beat throughout, but only the auricles of the other rabbit were beating 
at the end of the perfusion. Some of the tissues were rather edematous, 
so small portions of all of those tested were cut out and placed in covered 
dishes on blotting paper for an hour, so as to remove as much as possible 
of the saline. They were then ‘chopped up, and samples ‘5 gm. in weight 


wers allowed to act on 5 cc. of 3S for 60 mins. The percentages of 
indophenol formed are given in the table. In the previously described 


experiments with blood-containing organs acting on 39; 5 gm. of tissue 
was allowed to act for 80 mins, and the other quantities of tissue for 
corresponding times. Hence the mean valués then obtained have been 


multiplied by 60/80, and they are given in the last column of the table. 


, Bubmaxillary gland 21 

17 „ 


Tt will he: seen that thé values for 1 brain and liver correspond 


closely with those obtained with the blood-free tissues. The heart 
muscle value is only about two-thirds as great, partly because a sample 
of the whole heart including auricles and some superficial fat was used 
in this éxperiment, whilst in those on the perfused hearts some of the 
left ventricle wall alone was used. Thus a determination on another 
rabbit gave 64% of indophenol formation for a sample of the left ventricle, 
and 50% indophenol for a sample of all the remainder of the cardiac 
tissue. Of the other blood-free tissues examined, the submaxillary 
gland was richest in oxidase, next to cardiac muscle, whilst lung was 
poorest. Possibly the real oxidase value of skeletal muscle is greater 


than that of any tissue but cardiac muscle. From the first rabbit 


a sample of white muscle of the thigh was taken, and 5 gm. of this in 
60 mins. formed less indophenol than the control. From the second 


rabbit a sample of mixed red and white thigh muscle was taken, and 


5 gm. of this formed 5˙5 %% of indophenol: but 1 gm. of it formed 

40% of indophenol, or at the rate of 20% per 5 gm. Again, a 5 gm. 

sample of the red semi-tendinosus muscle of the thigh of another 
27—2 
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rabbit (anperfased) formed 14°/, of indophenol, whilst a similar sample 


from an adjoining white muscle formed. 11%. 


The oxidase content of a tissue seems to be closely related to 


its intru vitam redueing power. As the result of his numerous experi- 
ments on the injection of indophenol white and blue and of alizarin 


blue into rabbits and other animals, Ehrlich? came to the conclusion — 


that the tissues of the body could roughly be divided into three classes. 
In those of the first class the readily reducible indophenol blue remained 
unchanged, and he accordingly regarded them as highly saturated with 


oxygen, and their oxidation processes to be the greatest and the most 


intense. To this class belong muscle of the heart, tongue, diaphragm, 
- larynx and a few isolated muscles of the neck: grey matter of the 
central nervous system, and the renal cortex. Tissues of the second 
class reduce indophenol blue to indophenol white, but not alizarin blue 
to alizarin white. They include most of the striated and non-striated 
muscles of the body, most glands, and connective tissue. Tissues of the 
third class reduce alizarin blue to alizarin white, have the highest 
oxygen avidity, and exert the most energetic reduction processes. 
They include lung, liver, gastric mucous membrane, and fatty tissues. 
The results previously described seem to show that the oxidasic 


power of the tissues is roughly proportionate to their oxygen saturation. | 


A more extensive proof of this relationship is afforded by the data in 
the table. All of them were obtained with the same rabbit, a large 
female, killed two days after parturition, Samples 5 gm. in weight 
were allowed to act for 60 mins, on substrate $S. The muscular 
tissues were examined 24 hours after death, but control experiments 
showed that the oxidasic power is practically uninfluenced by such 
delay. We see that all the tissues of Ehrlich’s first class have 
a high oxidasic power, tongue muscle oxidising almost as much 
naphthol + diamine as cardiac muscle. Three samples were taken 
from the kidney, one from the boundary zone of the medulla having 
an indophenol value of 32%, or nearly as much as the cortex sample, 


whilst one from the papillary zone gave only 3% of indophenol. 


A sample of the white matter of the brain formed 18% of rupee, 
or was not much less active than the cortex sample. 
The values obtained with Ehrlich’s tissues of the second class are 


much more irregular in their oxidasic power. Actively secreting 


mammary gland, and lachrymal gland, were only a fourth or a fifth as 
as gland. The active red flexor muscle 
Rhelioh, loc cit. p. 117. 
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nosus) probably ought to be included in the first class, but Ebrlich 


makes no mention of it. Muscle from the lower two-thirds of the 


esophagus had a small oxidasie value, but a sample from the lower part 


of the-involuting uterus, which presumably consisted chiefly of involun- 
tary muscle, formed considerably less indophenol than the control. In 
the light of previous results, however, it is e that all the muscle 
are much too low. 


Heart muscle 60 
V Tongue muscle 52 
which indophenol blue remains un- Diaphragm musole 25 
| Grey matter of brain 22 
| Submaxillary gland 21 
II. Tissues which reduce indophenol blue to Lachrymal gland - 4°38. 
indophenol white, but not alizarin blue Red flexor muscle 14 
to alizarin white. White flexor muscle 11 
@igophagus muscle 179 
Uterus 
III. Tissues of the highest degree of oxygen f Liver 66. 
avidity, which reduce alizarin blue to {tone 17 
allzarin white. | Fatty tissue 


Of the tissues of the third class, liver and lung both have rather a 
small oxidasic power, whilst a sample of fatty tissue from the region of 
the kidney gave a negative value. A sample of the mucosa and 
submucosa scraped from the stomach wall formed no less than 34% of 
indophénol, but this unexpectedly high value may have been due chiefly 
to the submucosal component. Even so the result, which would . 


fall in the second class, is exceptionally high. 


In spite of apparent exceptions, I think there can be little doubt : as 
to the parallel between the degree of oxygen saturation of the tissues, 
and their oxidasic power. I would provisionally suggest that such high 
oxygen saturation really means the existence in the tissues of a large 
ainount of intramolecular oxygen. This active oxygen, stored up in the 
form of organic peroxides, or.oxygenase, van be readily transferred by 
the help of peroxidase activators to the oxidisable material (reducing 


substance) which is always present in living cells. Hence this material 


does not need to call upon the oxygen of indophenol blue brought to 
its neighbourhood, and reduce it to indophenol white. When tissues 
of this class are disintegrated, their organic peroxides readily take up 


* 


11 * 
Se 
7 
N. 
* 
} 
3 
* 
2 
be 
| 
| 
7 
* 
7 
ig 
| 
4 
ig 
AM 
4 
82 
af 
77 
2 
— 
— 
A. 
? 
* 
2E. “ 
ve) ang 
tas. 4 
N. 
1 
14 
- 


420 FH. M VERNON. 


oxygen from the atmosphere, and with the help of peroxidase transfer 


it to naphthol diamine. ‘Tissues of great oxygen avidity, on the other 


hand, contain very little intramolecular oxygen, and so they cannot 


supply sufficient oxygen to the reducing substances formed within 
them. Hence oxygen for this purpose is rapidly withdrawn from 
indophenol blue or alizarin blue brought into their neighbourhood. __ 

The differences of oxygen avidity postulated by Ehrlich seem to 
persist after disintegration of the tissues. Thus Strassner’ kept 
minced tissues with dilute methylene blue solution in the absence of 
air, and found that in a given time 1 gm. of heart muscle reduced 
‘T c.c,: of muscle, 11 C.;: of lung, 23 C. c.: of kidney, 44 ac., and of 
liver, 5˙5 cc. Hence the reducing power of these tissues varies in a 
similar manner to their oxygen avidity, with the exception of the kidney. 
Even this exception may be due to the wae poets being — and 
not renal cortex only. 


Cnidution. 


In all the experiments hitherto described, a known weight of chopped 
tissue (1 to 09 gm.) was placed with 5 cc, of substrate in Petri dishes 
88 cm. in diameter. If the same weight of tissue and same volume of 
substrate be placed in a dish 48 cm. in diameter, the amount of oxida- 
tion effected in a given time is only about a fifth as much. ‘This is due 
to the fact that in the smaller dish all the particles of chopped tissue 
are covered with liquid, whilst in the larger one many of them project 


above it, and are exposed to the air. To test the effect of surface 


exposure more thoroughly, series of experiments were made with the 
larger sized dishes, but with volumes of substrate varying from 20 to 
125 cc. The ratio of enzyme to substrate was kept constant throughout, 
so the differences observed in the amount of oxidation must haye been 
due entirely to surface exposure. The volume of alcohol added at the 
end of each experiment to extract the indophenol was always double 
the volume of substrate. 

From the data in the table it will be seen that when 5 gm. of rat's 
liver was allowed to act on the usual 5 c.c. of substrate for 120 minutes, 
it oxidised 10% of naphthol + diamine to indophenol, but when 2 gm. 
acted on 20 cc. it oxidised only 1%. When, on the other hand, 
125 gm. acted on 1˙25 C., no less than 27 / was oxidised, and inter- 
enn, amounts gave intermediate values. The 20 cc. of sabstrate 


Strassner, Biochem, Zeit, am. p. 296. 
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INDOPHENOL OX IDASE. 421 
was stifficient to cover up the particles of chopped liver entirely, but 
the 10 C allowed a few of them to project slightly above the surface. 
When 5 c.c, was used, most of the particles projected, whilst 1°25 C. o. 
was only a little more than sufficient to wet the bottom of the Petri 
dish all over. However, the particles of liver were kept moistened with 
it during the experiment by frequently tilting the dish from side to 
side, and in all the other experiments also the dishes were frequently 
icine or — contents stirred with a glass rod. | 


| 387 187 
2 gm. +20 0.0. 1 3 0 8 —2˙0 — 


Rabbit kid- 


10 17 
10 % 8 5 8 +2 are +18 34 39 45 
5 gm. +6 0.0. 10 8 8 2 -24 -15 652 54 57 
Wem 760.0 15 16 11 8 221 -12 60 56 58 
27 19 14 2˙1 bee 59 69 


| The next. two series of data recorded in the table show a . 


effect to that observed with rat's liver, whilst in the next series, 


obtained with rat’s muscle, the oxidation observed with 20 and 10 c.c. 
of substrate was less than in the control. More striking still in this 
respect is the experiment with rabbit's muscle, as the oxidation was 
less throughout than in the control. The actual amount of this control 
oxidation was 2°8°/,, whilst the total amount occurring in the 20 ac. 
substrate experiment, so far as it could be estimated, was only 2% 
That is to say, the reducing substances of the muscle tissue almost 
entirely stopped the normal spontaneous oxidation of the naphthol + 
diamine, The next series in the table shows the action of rabbit's 
brain on the concentrated substrate 28. These data, if compared with 
the corresponding ones for rat's brain acting on substrate , show 
clearly how the strong substrate checks oxidation, whilst apparently it 
has little or no effect on the activity of the reducing substances of the 
tissues. The control oxidation in this experiment amounted to 2°3°/,. 
Similar series of experiments made with dilute substrate likewise 
exhibit the great effect of surface exposure, but the results obtained are 


by no means parallel with the previous series. As can be seen from 
the data in the right half of the table, the oxidation effected in 20, 10 


and 5 0. of substrate 8/4 increased at the same sort of proportionate 
rate as that observed when substrate & was used. In 2°5 and 1°25 C. c. 
of substrate, however, there was but little more oxidation than in 5 c.c. 
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experiments with 25 0.0. averaged 108, and that with 1°25 cc, 118. 


we 
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Taking the average amount of oxidation effected in the ‘experiments 
with 5 0. of. substrates 8/2 and S/4 as 100, that effected in the 


With 10 cc. of substrate, on the other hand, it averaged 62, and 
with 20 c.c., 16. Similarly taking the oxidation effected in the first 
three experiments in the table with 5 c.c. of substrate S as 1:00, that 


effected with 20, 10, 2°5 and 1°25 c. o. of substrate averaged 16, 51, 162 
and 227 respectively. 
The influence of surface exposure on oxidation depends on more 


than one factor. In order to determine how far it is a question of 
oxygen tension, I made experiments in which the tissue and substrate 
were kept in a test tube with a continuous current of moisture-saturated 
oxygen bubbling through. Such increased oxygenation has no effect 
on the rate of spontaneous oxidation of naphthol +diamine, but it 


_ distinctly accelerates the oxidising power of the tissues. For instance, 


5 gm. of the rat’s liver used in the first series of experiments recorded 
in the table, placed in a test tube with 5 cc. of substrate &, formed 9 °/, 


of indophenol, or about as much as 5 gm. acting on 5 c.c. of substrate 


in a Petri dish. Yet very few of the liver particles were at any one 


moment exposed to the surface. Also a control experiment in which 
the liver and substrate S were subjected to a current of air instead 


of oxygen, gave only 4°/, of indophenol. Another experiment, with 
5 gm. of rat’s kidney and 5 c.c. of substrate &, gave 6°/, of indophenol 


formation in the oxygen current, and 7 % in the Petri dish. However, 


an experiment with 5 gm. of the rabbit's muscle used in the experiments 


recorded in the table, acting on 5 c.c. of & for 120 minutes, gave 23% 


of oxidation, so under unsuitable conditions the increased oxygen tension 
does very little. With substrate 8/4 the effect of the oxygen. current 
seemed at first sight more pronounced. Thus some of the rat's liver 
used in the 8/ experiments recorded in the table oxidised 45°/, of 


indopbenol, or about the same as 25 d. of substrate in a Petri dish, 


whilst some of the rat's muscle oxidised 61°/,, or more than 1°25 c.c. 
of. substrate in a dish. Still the significance of these results is doubtful, 
for this concentration of substrate froths a great deal in an oxygen 
current, and many of the particles of tissue were carried up by the 
froth and deposited on the sides of the tube, and mes pushed an 
with a glass rod, were exposed again and again. 

The fact that tissue particles acting on substrate S in the. 8 
of pure oxygen in a test tube do not form half as much indophenol as 
when 1°25 cc. of the substrate is = over a Petri dish, shows that 
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there must be another factor of greater importance than high oxygen 
tension, Probably this factor is concentration, for if a particle of tissue 
be merely moistened with a thin layer of substrate, it is evident that 


the concentration of oxidase, relative to substrate, is very considerable, 


and if, as with substrate &, it be acting in accordance with the law of 


‘squares, the conditions for effecting oxidation will be as favourable as 


possible. On the other hand with substrate S/4, when the law of 
square roots holds, increased concentration of oxidase relative to sub- 
strate should not produce nearly so great an increase in oxidation rate. 


_ Corresponding to this conclusion, we have seen that beyond a certain 


point increased surface exposure did not greatly increase the amount 
of oxidation. | 

The smallness or absence of oxidation observed when the ee 
of tissue are completely covered with substrate S may be due merely 
to the presence of the reducing substances of the tissues, which are 


then under sufficiently favourable conditions to overpower the action 


of the oxidase, and even ale the spontaneous oxidation of the 
naphthol + diamine. 

No mention has yet been made of the solubility of indophenol 
oxidase. Pohl? stated that though he obtained little or no indophenol 
reaction with extracts of liver, he got a marked one with saline extracts 
of the leaves of Syringa vulgaris. But possibly he did not make 
allowance for spontaneous oxidation, for Moore and Whitley? never 


obtained it with the fresh juice of potato, carrot, and other vegetables. 


In the few experiments I made with extracts of animal tissues, I 
obtained less oxidation than in the controls. Hence even if the 


_ oxidase be a soluble ferment, its activity, in solution, is more than 


neutralised by the soluble substances 


from the tissues. 


‘Phe of Temperature on the Rate of Oxidation. 


The effect of temperature on the spontaneous conversion ol 
naphthol +diamine into indophenol is similar to that observed by: 
Arrhenius and van t Hoff for chemical reactions in general, and 
by various investigators* for the action of enzymes. That is to Bay, 
it e doubles with each rise of 10° C. For 1 in 


| 
1 Pohl. Path, p. 65. 1897. 
| 2 Moore and Whitley, loc. cit. 
. 2 Cf. Vernon. Ergebnisse der Physiol. tx. p. 288. 1910. 
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gubstrate & kept for 80 minutes at 18°, 17 / of indophenol was 
_ formed: when kept at 28°, 3°2°/,. On another occasion when kept for 
| 120 minutes at 2, 133% was formed, and at 13°, 2°67°/,. On another 


occasion when kept for 120 minutes at 13°, 2 2 1 85 was formed, 22 5 at 


Doubtless the action of 88 4 is accelerated by des- | 


porate in the same way as that of other enzymes, but it is so 


unstable at high temperatures that its activity quickly ceases, and the 


ever present reducing substances may then so retard the spontaneous 
indophenol formation that the total amount formed is less than in the 


substrate &, formed 2°4°/, of indophenol when at 2°; 5°6 / when at 13°, 
but —5 % at 33°. The more dilute substrates exert much less dene 
action, so with them there is a considerable oxidation even at 36°, but 


some of genuine temperature effect. 


| Temperature Control MS +08 
86° 47 4 53 


in the table. The Petri dishes containing substrate only, or substrate 
and liver, were placed in incubators at various temperatures for 
120 minutes, or to obtain a temperature of 2° they were floated on 


The temperatures given do not quite accurately represent the mean 
temperatures, as the substrate was run into the dishes at room 
temperature, and a few minutes must have elapsed before it took 


temperature from 2° to 9° accelerated the action of the liver oxidase 
at, about the expected rate with both substrates, A further rise of 
temperature caused a diminution of the oxidation effected in 38, or 9° 
was the optimum temperature of those investigated. Probably the real 
optimum is about 13°, for this was the optimum in the experiments 
made with rat's liver and substrate S. With substrate 8/4 the optimum 


control. For instance, 5 gm. of rabbit's liver, acting for 120 mins, on 


at temperatures above 10° or 12° the destruction is sufficiently ia 


The effect of temperatare on spontaneous indophenol formation, 
and on the oxidising action of rat's liver, is well shown by the data 


a mixture of ice and water. They were all kept in darkness throughout. 


up the temperature of the incubator. Still one can see that rise f 


4 
: 
7 
2 
* 
* 
* 
* 
21 
rg 
48 
j 
7 
ice 
| 
4 
* 
l. 
4 * 
555 
E 


* 


— 


INDOPHENOL OXIDASE. 425 


‘was 23°, and there was not much diminution of indophenol Wee 


even at a temperature of 36°. 

All the experiments eee described. were made at room 
temperature, This was kept as far as possible at 17°, and it very 
seldom varied beyond 16° and 18°. Doubtless it would be possible 
to arrange to keep the temperature more constant than this, but 
the error: introduced in the determinations by a temperature variation 
of 2° is comparatively slight. A greater source of error than this, 
and one it is very difficult to overcome entirely, is the state of division 
of the particles of chopped tissue. The smaller they are, the greater 
their oxidising power. For instance, 5 gm. of rat’s liver chopped in 
pieces 2 to 3 mm. in diameter oxidised only 6°/, of substrate & in 
120 minutes; cut i in pieces 1 to 2 mm. in diameter, it oxidised 13 °/, ; 
eut in pieces 5 to 1 mm. in diameter, it oxidised 17 %, and after 
pounding some of these small pieces in a mortar, it oxidised 20°/,. 
The chopping was always carried out as thoroughly as possible, the pieces 
being reduced to less than 1 mm. in diameter, and most of them to 
less than 5 mm., but they were not pounded in a mortar, as liver was 
found to be the only tissue favourably affected by this treatment. 
Muscle and brain, indeed, seemed to cater a slight loss of e 
in the process. 

The stability of indophenol oridase. The stability of indophenol 
oxidase is considerable, and tissues, even when chopped up, may retain 
their activity almost undiminished for a day or two. This is shown 
by the data in the table, all of which were obtained with substrate 


5 Percent. of indophenol formed after keeping 
5 gm. rat’s liver 80 mins. 80 35 32 20 — 
25 gm. rat’s liver 100 20 238 12 27 — 
gm. rabbit's kidney — 5˙6 
1. rabbit muscle 60 40 30 F — 
5 gm. rabbit's muscle 60 65 45 — 2˙7 — 


18. 5 gm. of rat's 
shows no deterioration of oxidising power for two days. The second 
sst, obtained with 25 gm. of the same liver, but acting for 160 mins. 
instead of 80 mins, shows some deterioration even after a day, and a 90% 
reduction in three days. Presumably this is due to the formation of 
reducing substances by putrefaction in the chopped liver. These 
substances, when acting for 160 mins., would have more chance of 
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retarding both spontaneous indophenol formation and the action of ae 
liver oxidase than when acting for 80 mins. The chopped rabbit's | 
kidney began to lose its: oxidising power after a day, but it retained 
some of it even for four days, though it then had a strong putrefactive 
smell. The chopped rabbit’s muscle—which, like the kidney, was 
obtained from. blood-free perfused organs—deteriorated most rapidly 
of all. In another experiment, with ee rat's 1 there was 


SUMMARY. 
When finely ‘chopped tissues of the rabbit and rat are allowed to 
act on a mixture of a-naphthol, paraphenylene-diamine, and sodium 
carbonate, the velocity of indophenol formation may be in direct linear 
proportion to the time, but as a rule it gradually slows down, cael 
after the first two hours. : 

With substrate containing 1 100 of naphthol er diamine, the 
amount of indophenol formed is proportional to the square of the 
quantity of enzyme (law -of Medwedew). With M/150 substrate it 
in directly proportional to the quantity of enzyme, and with M/400° 
substrate it is proportional to the e root of the e of — 
(law of Schutz) 
The rate of indophenol formation i is three to six times greater in ; 

| 


M/200 substrate than in M/100, whilst it is slightly greater still in 
M/400. 

The tissues of the rat are richer in oxidase than the corresponding 
tissues of the rabbit, Heart muscle is richest of. all, and then muscle 
of the tongue and diaphragm, renal cortex, and grey matter of the | 
brain. All of these tissues, according to Ehrlich, are highly saturated et 
with oxygen, and indophenol blue when injected intra vitam remains 
in them unchanged. . Tissues such as glands and most striated and 
unstriated muscles, which reduce indophenol blue to indophenol white, 
but not alizarin blue to alizarin white, are much poorer in oxidase. 
Tissues of the highest degree of oxygen avidity, such as liver, lung and 
fatty tissue, which reduce alizarin blue to alizarin white, are on the whole 
still poorer in oxidase. Hence the oxidasic power of the tissués runs 
parallel to their degree of oxygen saturation, and it is provisionally 
suggested that this oxygen is stored up in the tissues casera eat 
in the form of organic peroxides, 
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The rate of indophenol formation is greatly affected by surface 
exposure. Chopped-up tissues entirely covered with a layer of sub- 
strate effect comparatively little oxidation, whilst the more the particles 
project above the surface, the more rapid the oxidation. This is toa 
small extent due to increased oxygen tension, but chiefly to the fact 
that under such conditions the concentration of enzyme relative to 
substrate is maximal. 

The activity of indophenol oxidase is influenced by temperature 
like that of other enzymes, but the oxidase is very unstable at tem- 
peratures above 30°. 


The expense of ha wre met in part by grant rom the Boal Boxy. 
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SUBJECTIVE AND OTHER PHENOMENA CONNECTED ; | 
WITH THE RETINA. By F. W. 
M. D., F. R C. S., Beit Medical Research Fellom. 


Dolley, 


Tais paper is in continuation of that on visual phenomena con- 
nected with the yellow spot, in this Journal, XII. p. 263. The figures 
referred to in this paper are those given in the previous one. 

I. The effect of the blood in the vessels of the retina. It occurred 
to me that if we could suddenly be made conscious of the absorption 
of green rays by the blood, since the cones in the vascular area are 
influenced only by those rays that pass through the blood, the colour 
of the absorbed rays would appear as a contrast effect in the field of 
vision corresponding to the non-vascular portion of the retina. The : 
effect can be shown in two ways. 

1. If we look through a blue-green glass at a uniformly illuminated 
white surface as, for instance, a white cloud in the sky, for about 
30 seconds, on removing the glass the whole of the field of vision appears 
rose, with the exception of the centre corresponding to the central non- 
vascular portion of the retina; this appears bright green. The colour 
of the green is pure green and not a blue-green similar to the colour of 
the glass. It will be noticed that there is a brighter portion forming 
the star figure already described (Fig. 7). The colour of the surrounding 
field of vision is rose and not red, the complementary of the blue-green 
glass. As the colour seen is very similar to that of the visual purple it 
might be thought that this was the cause of the phenomenon. The 
green area, however, corresponds to the non-vascular portion of the 
retina and not to the rod free portion, and I have never seen this green 
colour in conditions in which visual purple phenomena become evident. 

2. On looking at a sky, which is obscured by a white fog, for 
20 seconds with one eye, the other being closed and covered with the 
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hand: on removing the hand from the covered eye after opening it, the 

centre of the field of vision is seen as pure green, the star-shaped figure 

being seen as in the previous experiment. The surrounding part of 

the field of vision does not change colour but appears white as it 

} did before opening the covered eye. The light transmitted through a 

Te white fog contains a preponderance of red rays as may be seen by view- 
: ing a light or the sun through it: both appear much redder than 
usual, 

I. Visual phenomena caused by pressure on the eye. If gentle 
pressure be made on the front of one eye with the palm of the hand a 

star-shaped figure with four rays is seen, bright on a dark ground. It 
is similar in every respect to the central star part of Fig. 7. 

When both eyes are covered with the hands and more prolonged 
pressure is made on the right with the palm a rhomboidal figure is seen. 
This is formed through the filling up of the spaces between the rays of the 
star and the points of the rhomboid correspond to the extremities of the 
rays of the star. In addition bright lines are seen moving in a whirling 
fashion from the periphery towards the centre. The appearance is 
exactly the same as that of the ourrents I have already described. It is 

evident that Helmholtz saw the phenomena as I do as his description’ 
will apply admirably to the currents and star figure I see on prolonged 
pressure. 

III. Various effects of intermittent light. If we note the effects of 
intermittent light upon the retina it will be found that the phenomena 
which are seen apparently change. All are phenomena which have been 
described, but they are seen at different times. For instance, if the 

open fingers be moved rapidly before one eye whilst the vision is 
3 directed towards a white cloud in the sky, we may see in succession 
: some or all of the following but not necessarily in the order given. 

0 1. Löwe's ring, Maxwell’s spot and the fovea. 

2. The appearance of the blood vessels of the retina. 3 
3. The vascular network due to the capillaries of the retina, The 
non- vascular portion is seen as a uniform white circle surrounding a 
granular disk. 

4 Appearances due to the yellow pigment of the yellow spot, 

5. The star figure and currents, : , 

6. Appearances due to the pigment cells of the retina, 

7. The eight-rayed star due to the lens. : 


1 Physiol. Optik, 1. Aufl. S. 287. 
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IV. Effect of moving material on centre of retina. On opening one 
eye on awaking in the morning and looking at the ceiling the central 
portion is seen as an irregular, circular, rhomboidal or star-shaped black 
spot. On closing the eye again a bluish violet circle appears at the 
periphery or middle of the field of vision, contracts and then after 
breaking up into the star-shaped figure and becoming brighter dis- 
appears to be followed by another contracting circle. If the eye be 
opened when the star figure has formed in the centre it will appear as 
a bright rose-coloured star, much brighter than any other part of the 
field of vision. If however we wait till the star has broken up and 
disappeared before opening the eye, it will be found that only a black 
spot is seen in the centre. | 

V. Time of interval between contracting circles. I have timed the 
contracting circles with a stop-watch and find that the interval between 
two is very irregular. They may follow each other regularly at intervals 
of one or two seconds and then cease. They are not apparently syn- 
chronous with the pulse or respiration and they still go on moving when 
I hold my breath. 

FI. Effect of ight on size and coldur of currents. When the light 
which is entering the eye is diminished a broad current narrows to a 
thin line. The circles in these circumstances contract to thin- lines 
which are at an angle to the circumference of the circle and are not 
joined together. The colour of the circles and currents is with very 
dim light bluish white, with more light bluish violet, and as more light 
is added the colour becomes redder and redder until it is finally rose. 

VIL Effect of light on the star figure. The central part of the star 
figure is seen with dim light. If more light is allowed to enter the eye 
the star figure changes into a rhomboid, exactly as it did when seen by 
pressure and the pressure was increased. 

The currents and star can be seen very well in a dim light, as for 
instance that of a white blind illuminated by moonlight. On moving 
the open fingers before one eye, the labyrinth of whirling currents is 
well seen with the star figure in the centre. The movement continues 
for several seconds after the hand has been removed from the eye. 

VIII. Effect of blow on the eyeball. I was suddenly thrown off my 
bicycle by riding over an object in the road and struck the outer side of 
my right eyeball on the ground. A bright rose-purple light was visible 


in the corresponding part of the field of vision for several hours after 
the accident. 


> 
ais 
. 
+a 
oh 
* 
44 
4 
. 
— 
* 
e's 
27 
AB 
>a 
* — 


RETINAL PHENOMENA. 431 


IX. Effect of moving material on appearance of small lights. If a 
small light be looked at in a dark room, as for instance, that coming 
through the smallest diaphragm of my colour perception lantern which 
represents a 54 inch bull's eye railway light at 1000 yards, care being 
taken not to move the eye, the contracting bluish violet circles will be 
seen. The colour of the circle is the same for white light or any 
coloured light. When it reaches the centre the light brightens, If the 
circles stop the light disappears. 
NX. Musion of moving light. In many cases in repeating the above 
experiment the light will appear to move. This is particularly notice- 
able with red light but may be seen with any other. The light appears 
to move until it apparently comes close enough to be grasped by the 
hand when it is really 20 feet off. I have the impression the whole 
time that 1 am looking straight at the light when it is really falling 
upon a peripheral part of the retina. The other closed eye is still 
directed straight at the light and on opening this eye two images of the 
light are seen which rapidly coalesce, the peripheral image joining the 
central one. The light appears to move as if some substance went 
downwards by gravity: when the head is upright the image appears 
to move upwards, when bent to one side the image appears to move in 
the opposite direction but appears to approach during its movement. 
XI. Phenomena seen on closing one eye. If in the morning on 
awaking I look at the white ceiling with both eyes the black spot 
appears and disappears as usual. If I then close one eye, bright curved 
lines appear in the periphery of the field of vision and the centre be- 
comes bright. 

XII. Yellow spot region seen on opening an eye. I find that if one 
eye be directed to the sky whilst the other eye is closed and covered 
with the hand, when the second eye is opened the region corresponding 
to the yellow spot is seen as a much lighter spot. This phenomenon 
is seen very well at night when there is a clear sky. 

XIII. §=Influence of a light on surrounding regions of retina to that 
which is stimulated. If a light be looked at steadily with one eye when 
it has dark surroundings incapable of reflecting any light, it will appear 
to be surrounded by a halo made up of numerous rays of the same 
colour as the light. If the light be white the rays look like thin rivers 
running towards the light. Each point of these rivers becomes alter- 
nately rose and green, that is to say a rose-coloured particle appears to 
be followed by a green one which is again followed by another rose 
particle. On covering the 2 85 with the hands after shutting them a 
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5 pure green patch is seen corresponding to the light. This is surrounded 


by rose corresponding to the rays. The rose gradually encroaches on 
the green which does not change colour. On opening the eyes a bright 

rose patch is seen which does not change colour but gradually fades 
away. 

XIV. Bright spots seen in the field of vision. I have several times 
noticed on stooping on a sunny day, that bright spots have appeared in 
the field of vision. These have formed a circle which gradually con- 
tracted, each spot becoming smaller and brighter as the centre was 
reached. The appearance exactly corresponded to Fig. 4 seen from 
without inwards. 


All these phenomena are explained in a similar manner to shove i in 
the first paper. They show that the foveal region is sensitized from the 
periphery and this corresponds to the diffusion of the visual purple into 
the liquid surrounding the cones and so into the fovea. Photo-chemical 
substances have the maximum of their sensitiveness shifted more to- 
_ wards the red end of the spectrum when a light is increased in bright- 
ness, and this would account for the redder appearance of the effect of 
the visual purple when more light is allowed to enter the eye. 35 

Helmholtz describes the halo mentioned in Exp. XIII and attri- 
butes the phenomenon to diffraction from * edges of the iris and 
irregular refraction. 3 
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“REFLUX FROM INTESTINE TO STOMACH. Br 
CATHCART, Physiological Laboratory, Glasgow‘ 


Tun fact that bile can be obtained directly from the stomach either 
in vomited matter or on removal of the contents by means of the 
stomach tube, has long been known, but the conditions under which it 
appears and the frequeney of its appearance have not been thoroughly 
investigated. Beaumont! refers to the presence of bile in the stomach. 
He states that bile is not essential to “chymification” and that. it is 
seldom found in the stomach and then only under peculiar circumstances, 
He made two practical observations which later work has fully sub- 
stantiated. One was that the giving of oil or fatty food generally leads 
to the presence of bile in the gastric fluids and the other that irritation 
of the pyloric extremity of the stomach frequently causes a regurgitation 
of bile from the intestine (the stimulus which Beaumont. used was 
a mechanical one). Further he quotes an interesting passage from 
Magendie in which this author infers that in a healthy state bile is 
always to be found in the stomach. In recent years Pavloff found 
that if oll be introduced into the stomach a regurgitation of bile from 
the intestine resulted, It was found that the fluid which entered 
did not consist of bile alone but that pancreatic and intestinal juice 
was mixed with it.. Recently Boldyreff* took up the investigation 
of this. question, He states that Dolinski* and Damaskin‘ found 
that fat. was a strong stimulant for the flow of pancreatic juice and 
that Bruno’ showed that it also acted as a stimulus for the secretion of 
bile. Boldyreff found that the regurgitation was induced by several 
stimuli, oil and hydrochloric acid being the most active. He also 
e Ae hunger a steady flow of intestinal juices into the 


Physiology of Digestion, Edinburgh, p. 86. 1888. 
Diss. St Petersburg.. * Tid. 
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stomach, Boldyreff in another paper’ goes so far as to state that 
frequently, so great is the regurgitation, the digestion in the stomach is 
actually pancreatic and not peptic. 

The present experiments were designed to investigate further this 
regurgitation and more particularly to study the stimuli which evoke 
the flow. The dogs used in the investigation were those which were 
employed for the experiments on the prepyloric sphincter“. The same 
precautions, solutions and methods were used as already given. It was 
thought that the estimation of the amount of bile present would give 
a good index of the intensity of the stimulus, but owing to the difficulty 
in estimating the amount of bile excreted quantitative methods were 
abandoned. An attempt was made to carry out colorimetric measure- 


maents but these too had to be abandoned on account of the laborious 


nature of the process. The method employed would certainly ‘prove 
excellent for isolated experiments but for continuous work it is not 
suitable in its present form. That it is not only bile but mixed 
intestinal contents which are poured back has already been shown by 
Boldyreff as he was able to demonstrate the presence of lipase. 
I have confirmed this observation. The amount of the lipolytic enzyme 
present is never very great. The most serious difficulty in estimating 
lipase is the rapidity with which it is destroyed; unless the examination 
be carried out almost as soon as the fluid is collected the lipolytic 
value obtained even by the monobutyrin method—the best available 
method is very low. 
The fluids and solutions which I found to have little or no action 
in the production of a regurgitation of intestinal contents through the 
pylorus in both dogs were tap water, distilled water and glucose 
solution. Urea solution, tested only on one dog, and dilute hydrochloric 
acid (01 /) produced no effect. On the other hand, sodium carbonate 
solution, Witte's peptone and Liebig extract solutions produced a flow 
of bile in one dog and none in the other. The causes of the difference 
between these experiments have not so far been successfully determined. 
Sodium oleate and hydrochloric acid (0-2 */,—0-4°%) solutions always 
brought about a flow of bile in both dogs. The following tables give | 
examples of the results which I have obtained. 

It was found that in every case sodium oleate produced a flow of 
bile two or three minutes after it was run into the fundus, The 
hydrochloric acid on the other hand did not cause the bile to appear 

1 Centralbl. f. de ges. Physiol. Path. 4. p. 6. 
* This Journal, 98. 1911. 
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I. 5% glucose solution, 


9.40 a.m, Stomach washed ont and 80 mins. 
into fandus. 3 


60 Series of rushes: no bile 
10 ‘Rapid ” 
14 ” “9 
* ” 
8 IL 
7 99 55 
3 Slow dropping, acid, glairy: no bile 
6 recovered from fundus 


Amount of fluid from fistula 


in dd. at min. Remarks 
32 Rapid dropping: no bile: mere trace of bile 
in fluid 2 mins. later 
26 Rapid dropping: no bile 
8 Slow > 
| 38 ” 
1 
0 32 0.0. recovered from fundus 


0% acid. 


- 9.45 am. Stomach washed out and 50 mins. later 100 0. o. 0-2, HCl run into 
Bushes: no bile: 24 mins. later bile dropping 
Slow dropping: bile still present 
Rush of bile at 10.48 a.. m. 
Bile and dun in ruses: trace of bile in 
fundic fluid 
Mostly fluid: trace of bile 
Slow dropping: no bile 


* 


8888 


88 0. 0. recovered from fundus 
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Amount of fiuid from fistula 3 
in 0. c. at § min. 
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9.65 a.m. Stomach washed out and 45 mins. later 150 o.c. tap water run into fund 
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IV. 3% sodium. oleate “solrition. 


Remarks 


underlined fistula 
9.85 : — Stomach washed out 
10.12 — 100 0.6. 3% sodium oleate solution into fandus 
183 10 Steady run of fluid 
145 Bile: some fluid 
15 Bush of fluid: no bile 
16} of fluid 
22 99 Bapid dropping: bile at 10.183 
„ 10.223 
32 12 ” 10.29 
87 12 no bile 
: 


at the pyloric fistula until some seven, eight, or even more 3 had 
elapsed. It is extremely interesting to note that the two stimulating 
solutions for the reflux of bile into the stomach are the same solutions 
which are known to bring about the formation of secretin and in this | 
way yield a flow of pancreatic juice and bile. The cause of the 2 
secretion is however probably quite different in each case, as in the 
one—acid stimulation—the secretion exists partly for the neutralisation 
of the acid which might injure the delicate intestinal mucous membrane, 
whilst in the other—soap stimulation—it is a manifestation of digestive 
adaptation. That this is really the case is shown by the fact that the 

_ pancreatic juice, at least, secreted as the result of acid stimulation is 
rich in alkali, whereas that which flows after soap (or oil) stimulation 
is poor in alkali. Walther! showed that after the injection of 200 c.c. 

005 % hydrochloric acid pancreatic juice was secreted with an 
alkalinity = O62 / Na, OO, and after 100 cc. olive oil a juice = 0:29 59 
Na, CO, 

As already stated, it has long 3 known that oil introduced into 
the stomach caused a regurgitation of intestinal contents through the 
pylorus. As the juice secreted is required for digestive purposes it is 
brought as rapidly as possible into contact with the substrate (oil or 


I Diss, St Petersburg cit, f. ges. u. Path. d. Stoffwech, 
p. 1. 1909. 95 
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soap solution) as is evidenced by the rapidity of the reflux into the 
stomach. Here no tightly closed pylorus stands in the way as there is 
no secretion of hydrochloric acid to bring about the closure of the 
sphincter. Pavloff has shown that the introduction of oil inhibits the 
secretion of gastric juice. What little acid might be formed is soon 
neutralised by thé intestinal reflux. 

_ Boldyreff' has demonstrated in a very ingenious fashion the 
protective () nature of the flow as the result of the acid stimulation of 
the intestinal mucous membrane. Into a Thiry-Vella isolated loop of 
_ intestine—duodenum—he introduced dilute hydrochloric acid with the 
result that there was an immediate large flow of bile mixed with 
pancreatic and intestinal juice into the stomach. The amount of juice 
secreted varied from 100 cc. to 150 cc. The reflux does not take 
place so early as is the case in the sodium oleate experiments. The 
possible explanation of this is that the alkaline secretion of the pyloric 
part can deal with the acid which first appears, but sooner or later the 
acidity becomes excessive and further supplies of alkaline juice must be 
obtained. As the only available supply is the fluid in the intestine 
a regurgitation results. In favour of such a view is the fact, which 
I observed, that, as a general rule, the stronger the acid introduced 
inte the fundus the earlier the regurgitation takes place. Sooner or 
later the acid becomes sufficiently neutralised so that it can be 
discharged into the intestine without risk. If when this “safety point” 
is reached the fundus be emptied and fresh acid introduced the flow of 
bile, ete. is again evoked, in this way demonstrating I believe the 
protective nature of the mechanism. The accompanying table (p. 438) 
gives an example of such an experiment. 

It would appear that in many cases, when the bile regurgitates 
through the pylorus, it only enters the antrum pylori as the fluid 
which is moving quite actively to and fro in the funnél reservoir 
connected with the fundus very frequently shows no bile staining. 
But this is not always the case. Its occurrence is another point in 
favour of the view that the prepyloric sphincter cuts off the pyloric 
part completely from the fundic and that there is no connection 
between the two as has been suggested for example by Auer. This 
fact too probably explains why bile is not more frequently described as 
being present in the stomach washings after ordinary lavage. It also 
supports the hypothesis that the stimulus which causes the regurgita- 
tion is the hyperacidity of the gastric contents in the antrum ae 
1 Loc. cit. 
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9.80 a.m. Stomach washed out and 55 mins. later 100 0. 6. 0-1°/, Hol run into 
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| — glairy no bile 
98 trace of bile 10.57 a. m. 
Clear fluid dropping tinged with bile 
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THE INFLUENCE OF OXYGEN INHALATION ON 
THE LACTIC ACID PRODUCED DURING HARD 
WORK. By ISRAEL FELDMAN ann LEONARD 
HILL. 


(From the Physiological Laboratory, London Hospital Medical College.) 


THE following note is a contribution to the discussion which has taken 
place in this Journal as to the relative influence of oxygen want and 
CO, excess on the respiratory centre. Haldane and Douglas con- 
cluded that the hyperpnca which occurs after hard work is due to a 
lowering of the threshold exciting pressure of CO, in the centre, and 
this, they say, “appears to be due to the formation of lactic acid in the 
working muscles, and a consequent diminution in alkalinity of the blood.” 
They consider that oxygen want per se has little, if any, importance in 
the production of dyspnoea, or in the lowering of the threshold exciting 
pressure of CO, in the centre. On the other hand, one of us (L. H.) 
and Martin Flack@ found that a preliminary inhalation of oxygen 
increased the capacity for work during and diminished the distress 
produced by a short period of violent exertion. With the lungs full of 
oxygen Hill and Flack could hold their breath longer and do more work 
without breathing, and endure a higher pressure of CO, in the alveolar 
air, than with the lungs full of air. They also found they could carry 
out forced breathing to a greater extent when breathing oxygen, and 
thereby “ washing” the CO, out of the body, lower the alveolar tension 
of CO, to 1˙5 % of an atm., a figure unattainable by forced breathing of 
air. They concluded that the partial pressure of oxygen influenced not 
only the higher but the lower limit of CO, pressure which can be 


endured. 


Lindhardw supports this view and, while agreeing that CO, is the 
adequate stimulus of the respiratory centre, brings evidence to show 
that “the excitability of the respiratory centre towards the adequate 
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stimulus is governed by the oxygen tension,” and is altered by the 
taking of drugs, e.g. strychnine. 

G. C. Mathieson® concludes from his researches that in the pro- 

duction of the asphyxial rise of blood pressure both increase of carbon 
dioxide and deficiency of oxygen are factors.” He thinks there is a 
common factor, probably the hydrogen ion content of the blood, under- 
lying the action of oxygen and of excess of 
centres. 
Most of the results 167 thie differed are 
monised if we suppose that the adequate stimulus of the respiratory 
centre is the acid or hydrogen ion—concentration of the blood. 
Oxygen inhalation, according to this view, will act by diminishing 
the formation of lactic acid in the muscles, and the acid concentration 
of the blood. The only fact which it is difficult to harmonise, and 
explain, is how the breathing of oxygen enables one to forcibly breathe — 
to a greater extent and lower the CO, pressure to 1'5°/, of an atm. 
without inducing those dangerous symptoms of shock which Yandell 
Henderson claims are wholly due to lowered partial pressure of vi 
in the blood and tissues, — 

Ryffelw found that, after a short period of exertion, there is an 


_ Increased output of lactic acid in the urine, which is passed ne 


the next half-hour. 

On the other hand, when he breathed, while resting, an 0 
sphere containing a deficiency of oxygen, he found there resulted no 
increase in the output of lactic acid, although he appeared cyanosed and 
had some hyperpnœa. He concluded that some other factor than cored 
acid produced the hyperpneoea in this case. | 

Araki@ found otherwise. In healthy dogs there resulted from 
limiting the oxygen supply, the excretion of lactic acid in the urine, 
and in many cases glucose. 

Ryffel says that “there is no evidence that the blood is less ell 
supplied with oxygen than usual during a short period of violent exercise, 
so that the muscles are presumably not short of oxygen; the produe- 
tion of an increased quantity of lactic acid by the muscles, which then 
passes into the blood, is therefore a direct — of great muscular 
activity «. 

This statement of Ryffel is against the evidence brought dawn | 
by Hill and Flack, and against the harmonisation of the other results 
with those of Hill and Flack. It was necessary therefore to put this 
to the test, and see whether the inhalation of oxygen modified the pro- 


ites 
* 
* 
712 
% 
* 
4 
. 
— * 
4 
— 
* 
1 
«a 
* 
Pik 
2 
. 
— 
* 
2 7 
i 
8. 
wy ~ 
me j 


A\ OXYGEN. INHALATION. 441 


duction of “lactic acid during exertion. The earlier observations of 
Fletcher aud Hopkins favour the view that the lactic acid production 
is due to oxygen want in the muscles. 

Fletoherc found that the stiffness of rigor’ W the bn 
of fatigue in excised frogs’ are or — 
in an atmosphere of oxygen. N 

Fletcher and the fast ‘ad 190 
e an actual loss of the lactic acid yielded, on ex traction, results 
from exposure to an atmosphere of oxygen, “that while the fibres are 
recovering from fatigue and regaining irritability i in an Seren. of, 
r. oxygen, their content of lactic acid is greatly reduced.” | 

There is every reason to think that the muscles must suffer from 
oxygen want during Violent ‘exertion, for the blood cannot circulate 
through the muscles when they are contracting strongly, Then their 
contractile force rises. far above that. of the blood pressure. It is only 
during relaxation that they: obtain a renewed. blood supply. Great 
exertion, as in running, must lead to deficient circulation and oxygen 
want, and hence the stiffness which follows the exertion. By inhaling 
oxygen before and during the exertion this want may be met partly, 
but not Wholly, for, by their contractions, the muscles cut off their own 
blood supply. 

We should expect, therefore, that the inhalation of oxygen. would 
lessen the amount of lactic acid excreted in the urine after be. short 
period of exertion. This we find to be the case 

The method used for estimating the lactic acid in the urine was that 
of Ryffel, and we are indebted to D e foe giving us full details of 
method 

The oxygen was out means of. Siebe 
Genen Rescue Apparatus (for use in mines), and we are indebted to 
Mesers Siebe, Gorman and Co. for the loan of this apparatus. The 
apparatus was worn in all the tests, so that the weight carried (about 
34 Ibs.) and other conditions were the same, the only difference made, 
when air was breathed, was the inlet and outlet valves were not 
connected with the breathing- bag. The carbonic. acid exhaled. was 
absorbed by caustic soda placed in the breathing-bag when oxygen 
was inhaled, but the partial pressure of OO, then breathed was 
somewhat higher than when air was breathed. From the results of 
former analyses, made by one of us (L. H.), we are confident that the 
pressure of CO, inhaled never reached 1°0°/, of an atmosphere. 
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Ex. I. March 29.. Emptied bladder. Drank half a pint of water. Breathed oxygén for 
‘seven minutes and then ran up and down a flight of stairs eight times in one minute, 
Sat down and continued to breathe oxygen for half an hour. Urine passed one and 
a quarter hours after the start=110 0.0., sp. gr. 1020. ‘Thiophene test for lactic acid 


positive. Halt en hour later urine paszad again 80 ¢.0., thiophene test 
The urine contained 147: mgrms. lactic acid. 


March 31. Emptied bladder. Drank half a pint of water. Rested five minntes. 
Ran up and down stairs eight times in one minute one second. Rested. Urine passed 
after 1 hour 20 minutes=90 0. 0., sp. gr. 1020, Thiophene test positive. Half an 


hour later 20 dc. urine passed. Thiophene test negative. Urine e £9006 
mgrms. lactic acid. 


Exp. II. April 7, morning. Breathed O, for three minutes. Ran ten times up and down 
flight of stairs in 1 minute 20 seconds. Breathed oxygen for half an hour; One 
hour after start passed 54 C. 0. urine. Sp. gr. 1016. Thiophene test positive. 
20 minutes later passed 15 0. 0. urine, Thiophene test negative. Urine contained 
185'49 mgrms. 

April 7, afternoon. Rested for three minutes before running. Ran up and down 
flight of stairs ten times in 1 minute 26 seconds, Urine passed one hour after 
start =52 c.c., sp. gr. 1020, Thiophene test positive. 40 minutes later passed 85 
urine. Thiophene test negative. Urine contained 225°05 mms. 


Exp. III. May 8. After resting five minutes ran up and down laboratory 25 times {about — 
: 500 yards) in three minutes. Passed 82 o. 0. urine half an hour later. Thiophene 


test positive. Half an hour after this passed 15 c. 6. Thiophene test negative. Urine 
contained 428°48 mgrms, of lactic acid. 


May 16. Breathed oxygen for five mins. Ran 25 times in 2 minutes 56 seconds. 


Continued to breathe oxygen. Half an hour later passed 28 0. 0. urine. Thiophene 


test positive. One hour later passed 58 c.c. urine. e Urine 
contained 240°45 mgrms. of lactic acid. 


Exe. IV. May 28. Breathed oxygen for 15 minutes before start. Ran 12 times (240 yards) 
in 1 minute 27 seconds. Breathed oxygen for 80 minutes then passed 70 0. 0. urine. 
; Thiophene test negative. Urine contained less than 7 mgrms. of lactic acid. 
May 24. Rested. Ran. 12 times in 1 minute 356 seconds. Half an hour after 
passed 35 c. o. urine. Thiophene test positive. One hour after passed 90 0. o. urine. 
Thiophene test negative. Urine contained 60°11 mgrms. of lactic acid. 


Exp. V. May 30. Breathed oxygen for 10 minutes. Ran 12 times in 1 minute 
25 seconds. Breathed oxygen for 30 minutes. At the end of 85 minutes passed 
24 0.6. of urine. Thiophene test negative. Urine contained 15 mgrms. of lacticacid. 


May 31. Rested. Ran 12 times in 1 minute 80 seconds, Half an hour after 
passed 45 c.. Thiophene test positive. Urine yielded 94°86 mgrms. of lactic acid. 


Our experiments show that after a certain short period of exertion 
almost no lactic acid appears in the urine if oxygen is inhaled, and a 
distinct amount if air is breathed. After a longer period of exertion 
considerably less lactic acid is excreted when oxygen is inhaled. == 
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OXYGEN INHALATION. 


We conclude that the increased production of lactic acid by tbe 
muscles is due to oxygen want, and that oxygen inhalation has a 
favourable influence, at any rate in part, by N the rise of acid 
concentration. 


This research has been carried cat withthe ai of «grant bes the London Hospi 
Research Fund. 
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A METHOD FOR ESTIMATING ACETONE IN ANIMAL 


LIQUIDS. By H. -WILSON, B. A., B. Se, Senior 


THE methods hitherto of acetone? in 3 
liquids are either inaccurate, insufficiently delicate, or very laborious. 


This paper describes an attempt to devise a method at once accurate, 
easy to carry out, and requiring only small quantities of urine, and 
records certain results obtained by: its application to human urine. 
The procedure chiefly used at present is that of Messinger- 
Huppert, in which the acetone is determined by passing it into an 


alkaline hypoiodite solution containing a known amount of iodine, and 


finding by titration with a standard thiosulphate solution the amount 
of iodine left. 


By this method very small amounts of acetone can be determined 
with accuracy, but when applied to urine it has the disadvantage that 
many other substances present react with the hypoiodite solution. The 


majority of these can be removed by distillation, first from an acid and 
then from an alkaline solution, but even this process, which tends to be 


tedious, does not remove all the iodine-combining substances which may 


be present, such as alcohol, aldehydes, etc. The error thus introduced 
may be negligible when the percentage of acetone is comparatively 


high, as in certain pathological urines, but in normal urine it may be 


so great as to render the results almost useless. In common with all 
methods in which the acetone is removed from urine by distillation, this 
procedure estimates not only the acetone but also the aceto-acetates 


present, as the latter are decomposed on boiling in either an acid or 
alkaline solution, with formation of .acetone. 


1 Messinger-Huppert. See Neubauer u. Vogel, Analyse des Harns. Folin, 


Journ. Biol. Chem. 1. p. 177. 1907. Denige. se Gunnar Heikel, Chem. Zeit. 


XXIII. p. 75. 1908. 
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This difficulty is avoided by Folin's method, in which the acetone 
is removed from acidified urine by a current of air. The air is then 
passed through an alkaline hypoiodite solution, which absorbs the 
acetone and is titrated as in the Messinger-Huppert process. The 
_aceto-acetates left in the urine are determined by performing the 
Messinger-Huppert method on another portion of the urine, and deter- 
mining acetone + aceto-acetates: the amount of the latter can be 
found by difference. This process shares with the other iodoform | 
methods the disadvantage of reacting to substances other than acetone 
which may be present in ‘urine. Under these circumstances, it was 
decided to attempt to devise a method of estimation which would, 
without being too tedious, determine exceedingly small amounts of 
acetone with accuracy, and which, at the same time, would not be 
vitiated by the presence of other substances occurring in urine. 

I Lam indebted to Dr Ramsden for suggesting the subject and for 
calling my attention, in connection with it, to a reaction of acetone 
desorbed by Messrs Marsh and Strathers'. These observers, using 
2 5% Solution of mercuric cyanide in 10°/, potash, found that with 
a acetone an insoluble keto-mercuric compound was formed, whith had 


the constitution : 
H 


“The is given thus: 
C,H,O + 3Hg(CN), + 4KOH = Hg, C, H, N. O + 4KON + 450. 


The compound was soluble in excess of acetone, and also to some 
extent in the potassium cyanide formed during the reaction. In order 
to utilise this reaction for the purpose indicated, it was necessary, firstly 
to make it quantitative, secondly to determine the amount of the 
compound precipitated. For the latter purpose direct weighing of 
the precipitate’ was found to be impracticable, partly owing to the very 
small amounts dealt with, but chiefly because it was impossible to 
dehydrate: it without change’. The method finally adopted. consisted 


in collecting the precipitate on a filter, decomposing and oxidising it by : 


1 Marsh and Struthers. Trans. Chen. LxXXVII. 
* Maresh and Struthers. Loc. cit. 
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boiling acids so as to obtain inorganic mercuric salts, and then deter- | 


mining the amount of mercury present. 


The methods in general use for estimating mercury were found 


to be insufficiently delicate when applied to the small quantities 


obtained from the acetone compound, and a new method has accordingly — 
been devised, similar in principle to Volhard’s method of éstimating — 


silver. The mercury was used in the form of sulphate or nitrate, 
20°/, of nitric’ acid was added, together with iron alum solution, and 
the whole was then titrated with standard potassium sulphocyanate 
solution until a brown colour appeared. The end point of the reaction 
was found to be easily determinable to one drop of 01°, sulphocyanate 
solution. It was found that in the presence of halogen salts the 
method was no longer applicable, and that their effects did not vary 
quantitatively with the amount present. Table I shows the results 
obtained by the method. An approximately 0°1°/, solution of potassium 


sulphocyanate was used, and a solution of mercuric sulphate (in dilute _ 


sulphuric acid) containing— 
By electrolysis 0 192 gms. mercury per 100 %%% 
By precipitation as sulphide 01915 , , ĩ „ 


In each case the volume of liquid was made up to 10 cc. with 
distilled: water, 5 c.c. of nitric acid were added, and 2 c.c. of a saturated 
solution of iron alum, The ee solution was then run in 
until a brown colour appeared. 


| TABLE I. 
10 0 
5 
5 
8 
8 88 | 
2 8 pipette 
9 1°95 
1 9 19 


The results obtained were very . and showed that the 
method was capable of considerable accuracy, It was found that 10 c.c. 
of the mercuric: sulphate solution (containing 19°2 mg, of mercury) 
were exactly to 192 ec. of the standard 
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solution, and therefore each cc. of standard sulphocyanate was equi- 

_ ‘alent to 1 mg. of mercury, The titration error being only od of 
standard sulphocyanate solution, this error in mercury estimation 
would only amount to 0-1 mg. of mercury. 
I.! applying this method of estimating mercury to the keto-mercuric 
compound, it was first of all necessary to separate the precipitate from 
the solution containing it, and then to decompose it in such a way as 
to get rid of the cyanogen radicles and leave the mercury as nitrate or 
sulphate. The separation of the precipitate was rendered difficult by 
its extremely fine state of division, and also by the fact that the solution 
was strongly alkaline, The latter fact made it impossible to use an 
ordinary unsupported filter paper, while the very fine precipitate could 
only be caught on a filter treated with kieselguhr, powdered talc, or 
some similar inert substance. The most satisfactory filter was found — 
to be a circle of stout filter paper slightly larger than the bottom of 
a Gooch’s crucible, into which it was fitted. This was treated with 
a few drops of a creamy suspension of talc in water and connected with 
a filter pump in the usual way. Such a filter permitted fairly rapid 
filtration and washing of the ppt., and, although the first runnings were 
_ turbid and had to be refiltered, the subsequent filtrate was perfectly 
clear. A convenient modification consisted in adding the talc to the 
solution before filtration so that it became deposited on the filter with 
the ppt., the first runnings being refiltered until the filtrate became 

perfectly clear. | 
The precipitate was thoroughly washed with distilled water 
transferred to a conical beaker. The filter paper and ppt, were removed 
together on a pointed glass rod, any ppt. adhering to the filter crucible 
being washed with “acid mixture” through the perforated bottom into 
the beaker. The “acid mixture which was found most satisfactory 
in decomposing the acetone compound consisted of nitric acid: 40 pts., 
sulphuric acid 5 pte., water 55 pts. About 10 c.c. were used, and then 
1 ec, of N/5 potassium permanganate solution was added. This latter 
was found to be absolutely necessary to prevent browning of the solution 
by reduction of the nitric acid. The: whole was then boiled for a 
minute, when the brown colour due to the permanganate was found 
to disappear and the solution became clear, with perfectly white paper 
pulp in suspension. If the brown colour disappeared almost immediately. 
it indicated that the amount of permanganate added had been in- 
sufficient. to oxidise all the acetone compound, and more had to be 
run in until decolourisation took place. 
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As soon as the solution became: colourless the whole was: cooled 
acl the tap, 2 & of saturated iron alum solution were added; and 
it was titrated with sulphocyanate, The presence of white paper pulp 

in suspension was found to render observation of the end point easier, 
since the addition of a drop of sulphocyanate caused a localised brown 
colouration, which spread in streaks on shaking when the end point 
was approaching, and then spread through the ‘entire bulk of. fluid 
when the end point was reached. ‘Experiments showed that the 
presence of manganese salts had no effect upon the accuracy of nner 1 
titrations. 

Quantitative experiments performed in the above manner upon the 1 
ppt. formed by the condensation of acetone with mercuric cyanide in | . 
alkaline solution (5 % mercuric cyanide in 10 ½ potash) showed that 55 
(as already pointed out by Marsh and Struthers) the amount of ppt. of 
formed did not vary quantitatively with the amount of acetone taken, | 
but became proportionately less than the theoretical quantity as the 
amount of acetone was increased. This was shown by Marsh and 4 
Struthers’ to be due to the. formation of potassium 
to the equation: 


O + 8Hg(CN), + 4KOH = HN. + 4KON + 4.0. 


The potassium cyanide formed decomposes some of the keto-mereuric 
compound and prevents its precipitation unless the amount of acetone 
taken is very small, the reaction thus tending to be reversible. 5 
It was necessary, therefore, to devise some method of rendering the 
reaction quantitative, and in some way to prevent the formation of free 
potassium cyanide as a bye-product. This I have succeeded in doing 
by the use of an alkaline solution of basic mercuric cyanide. Such a 
solution may be prepared, either by shaking an alkaline solution of 
mercuric cyanide with excess of freshly precipitated mercuric hydroxide — 
and then filtering, or by adding silver nitrate solution to it. The latter oS 
method was the one finally adopted as it was not only more convenient, SS 
in that a tedious filtration was rendered unnecessary, but also the 5 
results obtained with it were more accurate. Presumably the addition 
of silver nitrate leads first to the formation of silver oxide and potassium _ 
nitrate, and the silver oxide —— eee 


1 Marsh and Struthers. . Loc. cit, 
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Both the silver cyanide and mercuric oxide are soluble in alkaline 
mercurio cyanide solution, the latter however to a less extent than the 
former, 80 that, if excess of silver nitrate be added, a ‘ppt. of yellow 
mercuric oxide separates out. c 
be presence of mercuric oxide in solution (combined as a basic 
mercuric cyanide) is doubtless mainly responsible for the increased 
delicacy of the silver mercuric cyanide reagent as compared with the 
Marsh and Struthers reagent. Probably under these conditions the 
HgO becomes converted into mercuric cyanide in the course of the 
reaction, and so no KON is formed. Also, as will be seen later, the 
keto-mereuric compound formed with the above reagent (as made up 
with its extra content of alkali) contains 5 atoms of mercury in each 
molecule, whereas, that formed from the Marsh and Struthers reagent 
contains only 3 atoms of mercury. The presence of silver cyanide 
in solution probably accounts for its increased accuracy as compared 
with the simple basic mercuric cyanide prepared by addition of 
mercuric hydroxide, since it was found that the mere addition of silver 
cyanide to an alkaline solution of mercuric cyanide rendered the 
precipitation of the acetone-mercuric compound fairly quantitative. 
This effect could be accounted for by the formation of a double cyanide 
of silver and potassium with the potassium cyanide produced in the 
acetone reaction. 3 
The silver mercuric cyanide reagent actually used was made as 
follows: 
f Nine grams of soda and 0°5 gram mercuric cyanide were dissolved 
in 60 G, of water in a conical flask. Then 20 cc. of 07268 % 1 silver 
nitrate solution were run in slowly with constant stirring. A slight 
cloudiness formed as the silver nitrate was run in, but disappeared 
immediately if the stirring was thoroughly carried out. The resulting 
solution was perfectly clear and stable, and remained unaltered for 
several months. 
When 1 cc. of the above solution was mixed with a few drops of 
a N/1000 solution of acetone, a white ppt. was gradually formed, several 
seconds elapsing before the solution became opalescent, the greatest . 
apparent density being attained after 3-4 minutes. The solution was 
therefore allowed to stand after adding acetone in order to ensure 
complete precipitation. Experiments showed that 10 minutes at room 
temperature was sufficient for this purpose, no larger amount of pre- 
eipitate being formed on standing for half an hour, 7 
part standard AgNO, (1 0.0. =10 mg. NaCl) to three parts water. 
29—2 
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In the experiments summarised in Table II, 12 c.c. of the above 


silver mercuric cyanide reagent were added to 5 ¢.c. of N/1000 acetone 


_ sdlution, and the whole allowed to stand for 10 minutes. The ppt. 


TABLE II. 


4°85 

485 

46s 

48 

4868 
495 

48665 
obtained was ‘filtered, 1 with nitric acid and permanganate, 
and the mercury estimated by titration. with sulphocyanate as described 
above. 
Further experiments showed that the reaction was only quantitative 


if a sufficient excess of reagent was used relatively to the amount of 
acetone taken. Table III shows the results obtained by mixing different 


* 


quantities of N/1000 acetone solution and reagent. In each case the 


mixture was allowed to stand for 10 minutes and she et in the 
ppt. estimated as above. | 


TABLE II. 
c.c. of N/1000 acetone taken ‘oc. of reagent used 0. sulph 


‘The results show that « minimum of 6 00. of reagent must be used 
for every 5 G. of N/1900 acetone taken, that is to say at least 25-c.c. 


of reagent should be allowed for every mg. of acetone to be estimated. 


This or can of course be exceeded to any extent, since excess 


of the reagent in no way affects the accuracy of the results. The : 
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is equivalent to 4°85 c.c, of standard sulphocyanate, hence the compound 
formed from 5 cc. of N/1000 acetone (-29 mg. acetone) contains 
485 mg: of mercury (1 c.c. standard sulphocyanate = 1 mg. mercury). 
| If the molecule of keto-mercuric compound formed from one 

molecule of acetone contained 5 atoms of Hg, the compound formed 
from 20 mg. of acetone would contain 5 mg. of Hg. This differs from 
the amount actually found (485 mg.) by 3°/,, a difference which is 
probably explained by loss of acetone owing to its great volatility, and 
also possibly by impurity of the acetone originally taken (Kahlbaum’s 
acetone “from bisulphite”). Assuming this to be the case, and that 
the molecule of the keto-mercuric compound formed under these 
Circumstances contains 5 atoms of mercury, and regarding its con- 
stitution as probably similar to that of the compound described by 
Marsh and Struthers’, it is suggested that the two unsubstituted H 
groups of the latter compound are, in the compound obtained by me, 
replaced by — Hg(CN) groups— 


the equation being : 3 : 

C,H,0 + 2Hg(CN), + 3HgO = C,0Hg,C,N, ＋ 3H,0. 

An analogous acetone mercuric compound containing five mercuric 
atoms to the molecule has been described by Marsh and Struthers? 
as formed by the condensation of acetone with mercuric iodide in 

alkaline solution: 

+ 8Hgl + 6KOH = C,0Hg,], + Hgl. + 6H,0. 


On the five mercury atoms supposition, 058 mg. of acetone would 
yield a precipitate containing 1 mg. of mercury, and 1 co, of the 
standard sulphocyanate, being equivalent to 1 mg. of mercury, would 

be equivalent to 058 m.g. of acetone. . 
In order to apply this method to the estimation of acetone in urine, 
it was necessary to remove the acetone from the urine by distillation, 
as, on direct admixture of reagent and urine, the basic mercuric cyanide 
is quickly reduced, . The distillation processes generally used involve 
distilling the urine for some considerable time. Attempts were made 
to shorten the time required for this purpose, not only for convenience, 

Harsh and Strathers. Proc. Chem. Soc, v. Na $48, p. 266, 
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but also to minimise the distillation of volatile reducing substances, and 
other substances which might possibly affect the reagent. 

It was found that if 100 cc. of an aqueous solution * 
varying quantities of acetone was acidulated with 1 0.0. of sulphuric 


acid, 25 gms, of anhydrous sodium sulphate were then added and the | 


whole ‘boiled briskly for five minutes, every trace of the acetone could 
be recovered from the distillate, and no further acetone n “ad 
obtained 25 . for another 10 minutes 


W. 


"29 10 ‘Be 20 
58 | 


Table IV gives some 3 obtained by this distillation method 


applied to an aqueous solution of acetone, using the distillation apparatus 


illustrated below. 


In the flask 4 were placed 100 cc. of the acetone solution (normal 


urine) to be estimated, together with 1 0.0. concentrated sulphuric acid 


and 25 gms. anhydrous sodium sulphate. This flask was fitted with 
a two-hole rubber cork, the experiments showing that acetone vapour 
in the concentration met with had no appreciable action on the rubber. 
Through one of the holes in the cork, the tube B was passed. This 
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reached to the bottom of the flask, and outside was fitted with a short 
piece of rubber tube which could be closed by a glass rod. This was 
kept closed during the distillation and opened afterwards, in order 
to allow air to enter the apparatus, A second tube passed through 
the other hole in the cork, conducting the vapour to the flask C, which 
contained about 10 c. of 40°/, soda and a few glass beads, This soda 
solution was kept boiling-while the vapour passed through it. It was 
found necessary: to have fresh 40 % soda solution for each estimation, 
zines substances absorbed from the urine vapours caused it to froth 
considerably after being once used. The steam and acetone vapour 
next: passed into an inclined Liebig's condenser. A bent glass tube D 
was’ fitted to the end of the condenser by rubber tubing and dipped 
below the surface of the reagent contained in a conical flask F. By 
this means the condensed steam and acetone vapours were conducted 
into the reagent without loss. 

An ‘advantage of this arrangement is that when distillation has 
commenced a negative pressure develops in the condenser, causing 


TABLE v. 
A 159 mg, 
2 159 
156 
Ang. acetone 42 Theoretical -448 mg. 
1 12 mg. 

2 106 Average 100 mg 
Br 2 mg. acetone 4 “477 Theoretical 479 mg. 

B+*116 mg. acetone 07 Theoretical 306 mg. 
a 286 
mg. 
2 ‘121 
“168 


were equally consistent. Table V shows those obtained from various 
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samples of urine, to which in some cases ‘extra known amounts of 
acstone were added, in order to determine whether all the acetone 
present in urine could be removed by this distillation process. It was 


found that in all cases the total extra amount of acetone thus added 


was found in the distillate. - 


In each ‘case 100 of urine were taken, 1 of concentrated 


e acid and 25 gms. anhydrous sodium sulphate added, and the 


mixture was distilled for five minutes. The acetone in the distillate 


was estimated by the method previously described. The consistency 


of the results, and the fact that the known amounts of acetone added 


were completely recovered, although the rate of distillation must have 


differed in each case, show that all the acetone present in the urine . 


was removed and correctly estimated. 

With the acetone present ab initio mast of course be included that 
yielded by the aceto-acetates present, since the latter rapidly decompose 
and yield acetone on boiling with 1°/, H,SO,. This however is not 
very disadvantageous since it seems probable that for most physio- 
logical purposes no advantage would accrue fom the — 
estimation of these substances. 

It should here be mentioned that if, in the case of urine, distillation 
was prolonged to half an hour, the results obtained were higher and 


were variable, eg. 100 cc. of one urine yielded 201 and 180 mg. of 


~ acetone, and another urine yielded 221 and 182 mg. 
Substituting fresh reagent every 15 minutes, and distilling for one 


hour, water being added to the urine when necessary to make up for 
loss by evaporation, it was found, with all the nine urines so treated, 


that further small quantities of a substance Which gave a precipitate 


with the reagent continued to distil overall the time. The results 
obtained with added acetone and five minutes distillation show that 


this slowly distilling substance cannot have been acetone present ab 


initio, and the rapidity’ with which aceto-acetic acid is split up into | 
acetone, that it cannot arise from this source. Possibly it arises from 
the unidentified substance which, as will be shown later, yields the 


extra acetone of stale urine. Whatever its source, the limitation of the 


time of distilling to five minutes appears to reduce any errors conse- 
quent on its formation to a negligible quantity. 


This method of estimating acetone has the advantage over all 


methods depending on the formation of iodoform in that the reagent 
is not affected by the presence of alcohol. Further, phenol; volatile 
organic acids, and probably many other substances are caught in the 
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sodium hydrate flask, thus the of rdistillation from 
an alkaline solution. 
The complete procedure eventually adopted as sntnfactory for the ; 


estimation of acetone in normal urine is as follows: 


The distillation apparatus is fitted up as illustrated above. 100 6 Ge. 
of the normal urine (or a lesser quantity of abnormal urine containing 
a high percentage of acetone) are put in flask A, together with 25 gms, 
of anhydrous sodium sulphate and 1 c. c. of sulphuric acid. 10 dc of 


40 % soda are put in flask C, and 10 cc. or more of reagent placed 
in the conical flask E, 


the surface of this reagent. 
The reagent is made up as follows: 
Water 


The and mercuric are dimeliied in the 


* silver nitrate solution run in with constant stirring. A 7268 J, 


solution of silver nitrate is made by taking one part of a standard ae 
nitrate (1 0. = 10 mg. NaCl) and three parts of water. 5 : 

If more than 4 mg. of acetone is present in the amount of urine 
taken, the quantity of reagent used should be proportionately increased. 
A preliminary experiment may be necessary to determine this point. 
_  Wheaithe apparatus is filled and connected up, the tube B is closed 
with a glass rod plug, and the Bunsen burners under A and C are lit. 


The soda in © must boil before the urine in 4, as otherwise con- | 
densation ‘would occur in . The soda solution is then kept just 
_ boiling while A is allowed to boil briskly, there being little fear of 


frothing after the first burst of ebullition has subsided. — 15 
The first appearance of turbidity in the reagent in E is now noted, 


and the distillation allowed to proceed for five minutes from that time. 


This turbidity indicates that acetone has passed right through the 
apparatus, and, as the time taken to do so may vary slightly with 
differences in apparatus, rate of boiling etc., it is wdvisable: to reckon 
W time of distillation from that moment. 

When the distillation is completed, the plug at B is 8 oad 


the flames extinguished. Tube D is then detached from the condenser 
and any fluid adhering to it washed into flask E with a jet of distilled 


water. This flask and its contents are allowed to stand for 10 minutes 
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to ensure that is then few drops af a 
9 suspension of tale in water are added. 0 
Ths precipitate is now filtered off on to a small ods of thick filter ) 
paper, which has been moistened and fitted into the bottom of a Gooch's 
crucible, using an ordinary filter pump apparatus. The first runnings 
will be slightly milky and will require to be refiltered, but after the 
tale has closed the pores of the paper a clear filtrate will be produced. 
Care must be taken to remove any acetone compound adhering to the 
Sides of the conical flask, as it tends to deposit on the glass very 
The precipitate and filter are next thoroughly washed with distilled 
water, and then the filter paper:and precipitate are removed together 
from the crucible on a pointed glass rod and placed in a clean conical 
flask. Any precipitate adhering to the crucible or glass rod is washed 
into the flask with a jet of “acid mixture (nitric acid 40 pts., sulphuric 
acid 5 pts. and water 55 pts.“ About 10 cc. of this acid mixture 
should be used altogether, and then 1 c.c. of N/5 potassium perman- 
ganate solution added. The contents of the flask are now boiled until 
the brown colour given by the permanganate has completely disappeared. 
This should occur in about 1-2 minutes, but if decolourisation occurs — 

more rapidly (a few seconds), insufficient Janeen meng has been added 
and another c. e. should be run in. : 
As soon as decolourisation is complete and the solution bas assumed 

a pure white colour, the flask and its contents should be rapidly cooled 
under the tap, any liquid adhering to the sides washed down with a 


jet of distilled water, and 2 e.. of a saturated solution of iron alum 


added. The solution is then titrated with the standardised potassium 
sulphocyanate solution! until a brownish tinge appears, and the amount 
of mercury present determined. From this the amount of acetone 
in the urine originally taken can be found (1 mg. Hg=058 mg. 
acetone). | 
Me detection of acetone in expired air. This can readily be accom- 
plished in the case of persons whose breath contains an abnormally 
high percentage of acetone, but in normal individuals no reaction, or at 
most an extremely doubtful one, can be obtained. The method employed 
is as follows: 5 
Expired (alveolar) air is 5 passed through the catch tube A, in order 
to prevent saliva from passing into the reagent and also to prevent 
pace ae of reagent into the mouth. Tube B contains e 5 
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of the silver mercuric cyanide reagent described above. The expired 
air is blown through the reagent in this way for a minute or og 
and then the tube is set aside for 5 mins. fem 

The appearance of an opalescence or pre- 
cipitate in the reagent shows that the breath 
contains an abnormally high of. 


This method gives a very nennen and 
delicate method of detecting an increase in 
the acetone of the breath. Positive results 
have been readily and quickly obtained in 


Fig. 2. 
cases of diabetes in which the nitroprusside reaction for acetone was 
barely obtainable in the urine. Unfortunately this method is not 
quantitative, as the condensation of acetone with the reagent takes 
place slowly, aud it was found impossible to remove all the acetone 
from air by this method, even using the most elaborate absorption 


Effect of alkalinity upon the acetone content of normal urine. 


In carrying out observations on the acetone content of various 
urines it was found that under certain circumstances the same urine 


_ would give two different sets of results. This difference was observed 


to depend upon the freshness of the urine, the amount of acetone found | 
in urine which had stood for 24 hours, and undergone slight putrefaction, 


being greater than the amount ares from the same urine _— 


19 “185 


"159 
possible that this was to the of 


W in the urine. The acetone of various urines was therefore 
estimated (1) while the urine was fresh and still acid, (2) after the 


a 
~¥ 
| 
} 
j 
we 2 
< 
— 
J. 
t 
2 
Ou 
4 
* 
fh 2 
a 
ix 
ate 
ES 
- 


48 SOOTT-WILSON. 
urine had been made alkaline and allowed to stand for a certain time, 
insufficient for putrefaction. | | 
In the latter case 100 C. of the fresh urine were taken and 5 c.c. 


of 14% soda added, and the mixture was allowed to stand for an hour 
(no further increase of acetone occurs on standing for three hours). 
The soda was then neutralised by addition of an equivalent amount 


of sulphuric acid and the acetone estimated in the usual way. The 
| results obtained are shown in Table VII. . ee 


‘TABLE VI. 
2389 “263. 
124 180 
0 ‘118 136° 
0 1 
EB 13 
133 — 
F 4 315 
142 159 


in increasing the subsequent yield of acetone, and that the increase 
with alkali is constant for the same specimen of urine. It is further 


scen that the increase bears no constant relation to the amount 
obtainable from the fresh urine, but varies in different urines from 
7% 21%, The source of this extra acetone is obscure and will be 
further investigated; it is clearly some precursor which is unaffected 


by boiling for five minutes with 1% sulphuric acid. Whatever its 


nature, and various possibilities suggest themselves, it is obviously 


necessary for any series of observations that the urine should be quite 


fresh and acid. | 
Antiseptics might be used for this purpose, but it is difficult to find 


a suitable one which could not possibly affect either acetone or reagent. 
The aseptic method was therefore adopted, and was used in all the 
experiments hereafter described. Urine was passed direct into a 
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sterilised Winchester quart bottle with a well-fitting stopper and was 
found to remain fresh and acid for at least 48 hours in hot weather, and 


to give constant results. 


Tuo normal excretion of acetone. 


Experiments were then made to determine the normal daily 
excretion of acetone in the urine. This has previously been determined 
by several observers, the results obtained being as follows : : 


V. Jaksch we 55 10 mg. per diem. 
PF. Engel... 8-28 „ 

Gadimayden 10-20 _ „ 

Hirschfeld ave 9-22 „ 


The average of the results thus obtained is 12 mg. per diem. It 


will be seen however that, compared with results obtained by the silver 


mereuric cyanide method, these figures are very much too high. The 
following results were obtained by the above method in several series 
of observations: 


H.. W. Averageexcretion.... 2°36 mg. per diem. 


Highest figure observed „ 
Lowest figure observed 12 


The exoretion was above 8 mg. per diem on only four occasions out of 86 recorded. 


0. H. B. Averageexcretion ... “és 2°02 mg. per diem. 
Highest figure 845 „ 


The excretion was only once above 8 mg. per diem out of 15 observations recorded. 
Other figures obtained from smaller series of observations are: 


g. G. 8. 4°12 mg, per diem. 
T. B. Average excretion... 1 8˙40 mg. per diem. 


These figures show that the normal average daily acetone excretion 
by the urine is considerably smaller than is usually stated, being from 
2-4 mg. per diem. This excretion appears to be fairly e in the 


same individual, but differs in different individuals. 


Most of the figures from which the above results were calculated 
will be found. recorded in the various tables and curves which follow. 
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ae 2 variations in acetone excretion. 
Fig. 3 shows the results of 13 observations on the 8 5 


from day to day and also indicates the amount of urine passed per diem 


during the period. It wil be seen that the amount of acetone 
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TABLE VIIL 
C. K. B. 1909. The figures are given gn eee days beginning on May 26. 


F. e. URINE 
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„ | Fig. 3. Daily variations. 
3 7 
i 
. me. in gms. in mgms. Ratio 
1780 17°37 199 1-14 
1210 16-38 1-79 1-09 
: 1170 17°41 1°79 1083 
— 
1010 18˙8 1˙84 ‘97 
1960 2°19 1°28 
1785 14-67 1-74 
3 1940 15-97 2 1-35 
1500 17°26 1-99 115 
1755 18°43 1-97 1-06 
15°59 1-49 “96 
= 1520 16°66 1-79 1-07 
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exereted daily remains fairly constant, the highest figure recorded is 
275 mg. and the lowest 1:2 mg., with the exception of one day 
(May 12th): on this occasion the acetone excretion was 5°64 mg. 
The reason for this increased amount is not clear, but it is probably 
due to some temporary disturbance of metabolism, possibly to over- 
excretion on the previous day. 

A similar rise of acetone occurring after exertion is seen in Fig. 4, 
the amount of acetone excreted on Jan. 30th being 5:46 mg. On other 
occasions however a simi- 
lar amount of exertion 
had no apparent effect „„ 
on the acetone excretion. 

The diurnal excre-- „ 
tion of acetone is also 
shown in Figs. 5 and 6; 
the actual figures from 
which these curves were 
made are given in Tables 
VIII and IX respec- 
tively. These observa- 
tions extend over a larger 
period than those first 
mentioned, and again 
show that the acetone 
excreted daily is com- 

_ paratively constant in 
amount. ve 

All the curves (Figs. san av. as 30 9) Ft a 
3-6) show that the ace- Fig. 4. Daily variations. 
tone exeretion does not | | 
in any way correspond with the amount of urine passed per diem,—the 
amount of urine may increase while the total acetone diminishes or 

The percentage of acetone found in the urine is, accordingly, very 
variable. The following figures represent the amount of acetone in 
mg. per 100 c.c. of the total daily urine of the same individual on 
successive days. | 


C.C. URINE PER DIEM. 


de ACETONE PER DIEM 
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TABLE IX. 


H. 8. W. 1909. The figures are given for successive days beginning on May 24. 
„ 14-06 1-22 84 

18.4 1˙1 

2220 1 1-62 

1670 

1400 14˙2 2°08 „„ 

15°57 

15°52 1:38 

2095 19-07 2-92 1°58 

100 15°47 1-48 92 

2240 16-96 2°64 15 

2140 16˙4 22 1-48 

1400 17-19 238 


1-61 


"Compare of te normal daily aoe with u. 
excretion of nitrogen. 


The next question to be investigated was whether there was any 
relation between the amounts of acetone and nitrogen excreted under 
normal conditions. Abundant evidence has been brought forward 
to show that there is no such correspondence in cases of acetonuria’, 
but no experiments appear to have been performed to determine the 
relation between these substances under normal circumstances. 

‘The total urine passed daily was collected, the acetone estimated 
by the silver mercuric cyanide method and the nitrogen by Kjeldahl's 
method. Two series of experiments were made on different persons, 
the results of which are given in Tables VI and IX and represented 
graphically in Figs. 5 and 6. 

Tables VIII and IX also show the ratio between the daily excretions 
of acetone and nitrogen, the figure given being the ratio of acetone 
— (in tenths of a ee) to nitrogen excreted (in grams). It 


Satta. Hofm. Beit. V. p. 22, 1904. Waldvogel, Jahreaber. J. Thierchem. 
p. 888. 1899. Rosenfeld. Ibid. p. 467, 1885, 
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appears that this ratio remains fairly constant, but not absolutely so, 


variations occurring from 0°96 to 1°62 in Table VIII, and from 0°84 to 
173 in Table IX. It will be seen that it varies with the nitrogen 
excretion, rising and falling simultaneously 9 it (and also with the 
acetone excretion). 


Furthermore this ratio is not affected by 


tions in the total amount of urine passed per diem. This indicates 
that the amount of urine passed has no more effect upon the acetone 
excretion than it has upon the nitrogen excretion per diem. 

The remaining features of these results can be seen best in Figs. 5 
and 6. In both the curve of acetone excretion closely resembles that 


of nitrogen, and this parallelism is frequently totally ä of 


the amount of urine exereted. 


if a. of cone with the 
nitrogen eacretion. 


A correspondence having been traced between the ‘decals 1 
nitrogen excretions from day to day and the ratio between these having 


been found to undergo no very great variations, it became desirable 
to investigate the excretions of these substances during the course 
of the day. This was rendered possible by the delicacy of the mercuric 
cyanide method, quite reliable results being obtained from 20 c.c. of 
normal. urine. Unfortunately it was only possible to perform three 
experiments bearing upon this question, and these were performed 


under different conditions in each case, therefore only tentative 


conclusions can be drawn from them at present. | 

TI be first experiment consisted in determining the acetone ei 
nitrogen excretion every hour during a day on which the ordinary diet 
was taken. The urine was collected every hour from 9 a.m. to 6 p.m. 
and again at 830 and 11 pm. The total acetone in each specimen 
was estimated by the silver mercuric cyanide method, and the nitrogen 
by Southall’s ureometer. This last was found to give comparative 


results similar to those given by Kjeldahl’s method though the actual 


5 amount of nitrogen found was slightly too low. 5 
The results obtained are shown in Table X, which gives the total 
urine, acetone and Rittegen excreted every hour, together with the 


ratio of acetone to~nitrogen, — 
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TABLE X. 
H. 8. W. 26/7/09. | | 
2 
ast. 910 18 041 5 
1011 048 “44 109: 
11—12 0s 47 118 
86 047 “45 104 
60 68 1-09 
068 59 1:07 
4-6 0⁴⁴ 48 “92 


Breaks 0.90, Lunch 1,30, Dinner 8. 50. 
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Pig. 7. Hourly variations. 


In this experiment there is as close a correspondence between.the 
acetone and nitrogen excretions from hour to hour as was observed 
to occur from day to day. This is shown by the constancy of the 


ratio This ratio varies from 82 to 1°13, but the variations 


do not appear to follow changes in the acetone excretion us closely as 
they do in the day to day observations. A further point of interest 
about the variations of this ratio will be discussed’ when considering 
the effect of meals upon the excretion of acetone. 
there thus appeared to be a marked . es detween 
the amounts of acetone and — oxoreted from hour to hour, it 
30—2 
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became of interest to ascertain whether an intentionally produced rise 
in the nitrogen excretion would be followed by a similar rise in the 
excretion of acetone. 

The first method of raising the nitrogen which was tried was to 
take a meal containing a large amount of protein; such a meal has 


been shown to cause a marked rise in urea excretion, commencing in 


about 2-3 hours and reaching its height about six hours after the meal. 
A rise in uric acid has also been observed after such a meal, commencing 
immediately and reaching its height about three hours after the meal. 
This is generally attributed to cell activity, and, although relatively 
well marked, is small in amount compared with the urea, and can 
therefore have but little effect upon the total nitrogen excreted. The 
results of the 8. 


TABLE XI. 
H. 8. W. 28/7/09. 85 
4. u. 9—10 24 “65 
10—11 8 80 
r. u. 12—1 42 12 9 1-24 
1—2 89 “127 “96 1°84 
60 "126 1˙1 1-14 
3—4 62 1-25 1:69 
64 ‘125 12 1004 
60 184 1256 1-07 
6—7 70 186 | 1-35 1°28 
58 1°25 96 
54 “118 1˙2 98 
69 “118 1˙¹ 107 


Lange protein meal of 11.16 a, Dinner at 8. 


“The urine was collected every hour from 9 a.m. to 10 pan. ‘and ‘he 


nitrogen and acetone estimated in. each specimen as in the preceding 
experiment. No food had been taken since 7.30 on the preceding 5 


evening. A meal containing a large amount of protein (fish, mutton, 
eggs, tea and toast) was taken at 11.15 a.m. and dinner at 7.30 p.m. 
The graphic representation of the results (Fig. 8) shows that there 


is a rise of nitrogen excretion, commencing about two hours after the 


meal and reaching maxima about five and seven hours after the meal. 
The acetone excretion rises in correspondence with the nitrogen, but 
its rise is sharper, begins earlier and the maxima are more definite. 


* 


— 
* 
1 
8 2 
cae 
a 
* 
— 
4 
E 
oy 
— 
+ 
> 
2 
* 
* 
‘ 


ESTIMATION OF ACETONE. 467, 


Also, the acetone curve between 3 and 4 o'clock is higher than between 

_ 6 and 7 while the opposite holds good in the case of the nitrogen. ee 
Table XI gives the actual figures obtained, and also the ratio of 
acetone to nitrogen. This ratio is not so constant as that observed 
in -the preceding experiments, variations occurring from ‘65 to 169. 
It is noteworthy that an increase in this ratio occurs immediately after 
the meal, becomes marked in two hours (1:24), reaches a maximum 
(1°69) four hours after the meal and then subsides, until, nine hours 
after the meal, it is again below unity. The nitrogen excretion on 
the other hand only becomes markedly increased 3-4 hours after the 
meal, and has not fallen very much 11 hours after. Similar rises 


in the regen ratio after meals were observed on referring to Table X. 
Here it was found that the fluctuations observed in this ratio were due : 
to rises occurring shortly after each meal, followed by a fall in about three 
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Fig. 8. Effect of a protein meal. 


It would have been of interest to compare these changes in the 
| — ratio with the uric acid excretion over the same period, but 
unfortunately the uric acid was not: estimated. | 

As far as a single experiment goes, it would appear that a rise in 
nitrogen excretion, caused by taking a large protein meal, is accompanied 
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by a similar rise in the acetone 5 The parallelism however is ce 
not absolute since (as shown by the —— — Tatio) the acetone excretion 


for the first three or four hours after taking the meal is greater than : 
it would be if it were purely a function of the — excretion. ee 7 


A. u. 9—11 70 12 | 118 
r. u. 11-1 81 
184 182 1˙82 
5—7 91 1440 
At 12.15 p.m. 0-5 gms. ammon. . carb. taken. 
„ 240, 08 „ „ 55 
„ „ 10 „ 55 ” 
„ 4.0 „ O8 „ ” ” 
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An attempt was then made to increase the nitrogen excretion 


“without introducing the complications of protein meals. Ammonium 


carbonate (the P. B. salt) was utilised for this purpose, as it is readily 
converted into urea and excreted. The results of the experiment 


performed with this substance are given in Table XII and Fig. 9 


The urine was collected every two hours between 9 am. and 11 pm., 
the acetone in each specimen was estimated as before, and the nitrogen 
by Kjeldahl’s method. Half a gram of ammonium carbonate was taken 
in water at 12.15, 1.15 and 2.40 p.m., one gram at 3°45 and 0°5 gram 
at 4.30 p.m. 

The figures show that a . increase in the nitrogen 
excretion occurred between 3 and 5 p.m. and was accompanied by a 
similar rise of acetone excretion, the two curves rising and falling simul- 
taneously. A large increase in the urine passed also occurred at this 
time, probably due to the diuretic action of ammonium carbonate. 


Table XII shows also the ratio geg during this period. It is 
remarkable that this ratio undergoes very little change, the least being 
97 and the highest 1:15. This small change should be compared with 
the change in the ratio which occurred after taking a large protein 
meal. In this case the lowest figure was 65 and the highest 1°69. 

It is hoped, as soon as opportunity permits, to ascertain whether 
the ingestion of urea has any effect on the acetone excretion, and to 
make further observations on the numerous — which have 
arisen in the course of the above work. 


In a alos I should wish to express my warm gratitude to | 


Dr Ramsden for the help which he has given. 


SUMMARY. 


(1) A new method is described for the estimation of acetone 
(together with any acetone which may be formed during acid distilla- 


tion, 9. from acetone-acetates), and it is shown that the method maß : 


be applied to as little as 20 c.c. of normal urine, The whole estimation 
can be carried out in 40 minutes, with an error of less than 0006 
milligrams of acetone. 

(2) “An accurate volumetric method is described for the estimation 
of certain mercuric salts, this being a necessary part of the — 
for — acetone, | 
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(3) Urine contains some substance which, after exposure to alkali, 
yields on acid distillation an extra amount of acetone. 

(4) The average daily excretion 6f free and combined acetone in 
human urine is 2-4 milligrams. 

(5) There is, in normal men, a striking parallelism 3 the 
acetone and the nitrogen excreted per diem, and there appears to be 
‘a similar parallelism between these excretions from hour to hour. 


There is no such relation between the = of urine ‘and the 


quantity of acetone excreted. 
(6) A method is given for dotecting the _— of abnormal 
of acetone in e air. 
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THE EFFECTS OF POTASSIUM SALTS UPON THE 
CIRCULATION AND THEIR ACTION ON PLAIN 

MUSCLE‘. By d. C MATHISON, Beit Memorial Research 


Crom the Institute of Physiology, University College, London) 
| 


‘The of intravenous injection . . 
The cardiac changes . 

The affect of intra-arterial injection . ; 

The decerebrate cat. 

The spinal cat. Spinal vaso- motor centres . . 

The peripheral vessels 8 

influence of chlorofor mm 

The action upon skeletal muscle centres . . 

Summary 


Introduction. The effects of the injection of potassium salts upon the 
circulation have been studied by many observers, commencing with 
Blake in 18390, but considerable differences of opinion still exist as to 
their action, especially as regards the blood vessels. For many years 
potassium salts were regarded as the depressor substances present in 
tissue extracts, an idea originally propounded by Kemm erich a. 
Brunton@, as a result of experiments made in conjunction with Cash, 
concluded that potassium salts have a direct constrictor effect upon the 
blood vessels of the frog; whilst on the other hand Kobertw and his 
pupil Poldrock@ classed them as vaso-dilators. Braun e has recently 


_ 1 A preliminary note appeared in the Proc. Physiol. Soc. p. xix, This Journal, xu. 1910. 
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reviewed the results of many observers; from his own experiments he : 


concludes that potassium salts have a vaso-constrictor action, a conclusion 
since supported by Heldm More recently, however, Dixon and 
Halliburton associated the action of potassium salts upon the wall 
of the blood vessels with that of the nitrites, which produce a partial 


paralysis of plain muscle, most marked in the blood vessels (Dixon). 


While investigating the action of alkalies upon the circulation in 
decapitated animals, I observed that the injection of a few cubic centi- 


metres N/10 KOH into the central end of the left carotid artery 
produced a considerable rise of blood-pressure. This was at first 


regarded as due to the action of an alkali upon the vessel wall, but 
it was found that the injection of an equal quantity of M/10 KCl or 
KNO, produced a similar rise of blood-pressure. A survey of the 
literature revealed the above-mentioned discrepancies between the 


statements of various authors and also the lack of any information 


as to changes in the output of the heart and the volume of the 
peripheral vessels; in the — investigation these have received 
attention. 

General Methods. The experiments were performed on decapitated 
cate, or cats decerebrate at about the level of the anterior corpora 
quadrigemina; the methods of preparation are described in former 

papers du, 1). Except where otherwise stated the cats were curarised 
and under artificial respiration, and both vagi were cut. | 


Potassium chloride was the salt chiefly employed, since its anion is 


present in the blood in considerable concentration, and this remains 


unaltered when solutions isotonic with the blood are used. In the A 


earlier experiments hypertonic solutions were sometimes employed, in 
later experiments usually M/7 solutionsi, which are approximately 
isotonio with the blood; when weaker solutions were employed they 
were prepared with ‘chiceide ‘solution to render them 
isotonic, Other potassium salts were occasionally tried, such as the nitrate, 
lactate and acetate; their action was found to be similar in the main to 
that of the chloride, The solutions used were injected intravenously 


into the right femoral or the right external jugular vein, or intra- 
3 arterially into the central end of one of the carotid arteries, the blood- — 


pressure in this latter case being measured in the Opposite carotid or in 


the femoral artery. When injected into a vein the substance passes 
through the heart and pulmonary circulation before reaching the general 


circulation; when injected into the carotid artery at not too -— a 


1 K01 “75 p. o., M/7=1°1 M/8=2°5 p. o. 


2 
? 
** 
8 
4 
‘ 
as 
J ‘4 
vay 
s 
2 
* 
A 
a 
wy 
* 
> 
é 
* 
+ 


ACTION OF POTASSIUM: SALTS. 


rate it is swept on in the general arterial stream before reaching the 
heart’. Thus the second method is useful when investigating the 
action upon the blood vessels of substances which, injected intra. 
venously, produce marked effects t upon the 0 In — — 
control injections of 

normal saline were a 

made, but these at no 5 
time produced any 
significant effect and 
were therefore not per- 
formed in every case. 

The output of 
the heart was studied 
by the cardiometric 
method described by 
Jerusalem and 
changes in the calibre 
of the vessels were 
investigated by blood-pressure record. 40. o. 
of a loop of the lower M/10 Kol injected into femoral vein, in Ssoond, 
portion of the ileum = 4c.c. M/10 Kol into opposite carotid artery, over a 
enclosed in a plethys- period of 20 seconds. Time marker in this and all 
mograph of Edmunds’ 
pattern. 

It may at once be stated that the results of intravenous and intra- 
arterial injection are entirely dissimilar; their effects upon the blood- 
pressure are illustrated in Fig. 1, which shows the effect of small doses, 
and in Figs. 2, 3, 5 and 6, showing the effects of larger amounts. 


Errror or INJECTION. 


Intravenous injections of of chloride or varying 
strength caused in all cases a primary fall of blood-pressure, The extent 


1 have used this method for some time when I wished to avoid the immediate action 
upon the heart of substances injected into the circulation. Recently I have found that 
Braun employed it and that he tested the method by injecting methylene blue; the 
circulation, 
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of the fall and the changes in blood-pressure succeeding it depended 
upon the dose employed and upon the rate at which the injection was 
made, When 5 c. or less M/10 KCl were injected over a period of 
longer than 20 seconds, frequently a rise of blood-pressure succeeded the 
first fall. With higher concentrations injected at a similar rate the fall 
of pressure was very rapid; frequently the pressure dropped to zero in 
a few seconds and death rapidly ensued. When the injection was made 
very slowly much larger doses could be given, the effect being obviously 
dependent upon the concentration in which the potassium reached the 
heart. The results of my observations upon the changes in blood- 
pressure agree essentially with the detailed description given by 


In all cases, with the possible exception of the slight depression seen 
with very small doses, the fall of pressure is due to heart failure. ‘This 
failure is not due to stimulation of the vagal endings, since it is not 
abolished nor in any way altered by preliminary administration of 
‘sufficient atropine to paralyse vagal endings. The changes produced 
in the heart have been studied by cardiometric methods and by means 
of levers recording the contraction of the auricle and ventricle. The 
main cardiac changes observed are briefly. considered. 

Dilatation and diminished output. When a small quantity, such as 
3 C. M/10 KCl, is injected over a period of 20 seconds, the heart 
dilates and beats more slowly, and the systolic output per minute 
decreases. The dilatation soon passes off and is sometimes succeeded by 
a period of augmented tone, accelerated rate and increased systolic out- 
put, the blood-pressure, which has fallen during the dilatation of the 
heart, rising even higher than the original level. In Fig. 2 a dilatation — 
of the heart, in this case without any subsequent increase of tone, is 
illustrated. 

Diastolic stoppage. The usual result when a larger quantity, such as 
5 c. M/7 or 20. M/3 KCI, is injected over a period of about 15 seconds 
into the jugular or femoral vein, is a stoppage of the whole heart in 
diastole, illustrated in Fig. 3. In these cases recovery may frequently 
be brought about by massage of the chest wall (ef. Boehm)as or, better 
still, direct massage of the heart, or by the injection of isotonic sodium 
chloride solution. In some cases where asystole had been present for 
several minutes and intravenous injection of sodium chloride solution 
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had proved of no avail, intra-arterial injection, which under these con- 
ditions supplied the saline direct to the coronary arteries, was followed 
by recovery of the heart, the sodium antagonising the action of the 
potassium ion. This diastolic stoppage under potassium has been fully 
discussed in its theoretical relations, especially in regard to — in- 
by authors. Ges Martinas, Howellon) 


* 
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Fig. 2. ‘Cat. Decapitated. Curarised. 5% M/10 KOl injected during 88 seconds into 


tracing=cardiometer, upstroke representing systole; lower 


tracing =carotid blood-pressure. 
Fig. 8. Diastolic stoppage. Oat. Decapitated. Curarised. Injection of 2-2 o.c. M/ 
K 01 into right jugular vein. Upper tracing cardiometer, lower carotid blood- 


Whesaslysis of Fig, 2 is as follows: 


0 2˙2 204 a 104 Injection of 5 0.0. 
12 2˙0 204 408 7 96 M/ 10 KCI oom - 
25 180 808 74 menced, 
$8 20 182 284 86 60 Injection ended. 
40 18. 192 845 17 80 

47 192 42 6 94 


/// 8 
N. 7 
* 
— 
gh 
4 
7 
am 
— 
‘a 
e 
awry 
* 
* 
» 
4 
* 
2 
E 
/ 


470 MATHISON, 


Sinus ‘slowing. When tlie potedsium is injectéd:slowly, after a time 


the heart gradually slows to perhaps half its normal rate, the auricle 


and ventricle being markedly dilated but still contracting synchronously. 


This is an example of sinus slowing, and is probably due. to the ‘direct 
action of the salt upon what Le wisd has termed the pace-maker ” of 


the heart ; it is.not due to stimulation of the vagus endings, since it is 


still produced after administration of atropine. Though the heart is 
dilated in this condition, it is still able to work efficiently, maintaining a 


good blood-pressure, and recovery rapidly follows if the injection is 


discontinued. 
Heart block. In 1 cases an abrupt slowing of the pulse rate 
occurs, due to dissociation of the auricular and the ventricular rhythms, 


a condition of 2:1 or of complete heart block being produced. This 


dissociation is sometimes seen in a heart that is in quite good condition 
and, upon discontinuing the injection of potassium salts, recovery soon 


takes place. It cannot be produced with any degree of certainty; 


since marked sinus slowing, stoppage in diastole, or ventricular fibrilla- 
tion frequently ensue without this type of heart block being manifested. 
Sometimes before the stage of continuous heart block, the ventricle 
misses beats, a phenomenon noted also by Minesay in the perfused 
frog’s heart. Occasionally, when a heart that has been in a condition 
of diastolic stoppage is recovering, a stage is observed at which heart 


block is present, but it is possible that this is wholly or partially due to 
the local asphyxia of the cardiac tissues, which is sufficient to produce 
heart block, as previously shown by Sherringtonas and the authorao. 


The heart block was studied by recording the contractions of auricle 
and — with ede levers. The N table shows a typical 


Cat. Decapitated. ‘Curarised. KGL in femora win 


0 216 216 Injection commenced. | 
25 216 216 Greatly diminished amplitude, beats feebler. 
50 180 Contraotions stronger. 
112 


Baie block is sometimes seen in cases where there is no fall of : 
blood-pressure, so that it cannot be attributed to any deficient supply 
of oxygen to the tissues; this is ne in the following tableQ. 
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0 0 57 166 Injection commenced. 

1 80. 72 16 dropped beats. 

76 — Numerous dropped beats. 

2 80 ae 102 Every third beat 55 

2 50 70 Injection of 10 6.6. M/S Kol ended. 

30 80 78 Continuous 1 beart block == 

8 30 108 — ' Occasional beats. re- 

840 1112 102 Numerous dropped beats. 

406 686 78 Continuous heart block. Injeotion of 9 ec 
M/5 KCl ended. 

4 120 168 Heart block ends. 


In the haa state ia our knowledge it is legitimate to infer from 


these results that the block is due to a depression of the conductivity 


of the auriculo-ventricular connections from the direct action of the 
potassium salts upon the musculature. The block is produced in the - 
hearts of animals that have been treated with atropine, so that stimula- 
tion of the vagus mechanism is not an essential factor. 

Ventricular fibrillation. A particular form of dissociation of auricle 
and ventricle is one of the commonest of the irregularities produced by 
potassium: in it the ventricle goes into fibrillation while the auricle 
continues to beat in an apparently normal manner. This fibrillation 
was described by Traubeas, who laid stress on the similarity of the 
action of potassium and digitalis, and later by Boehmas and by 
Aubert and Dehn. It differs, however, from that seen under 
digitalis in that it occurs when the ventricle is greatly relaxed, whilst 
under digitalis the ventricle is contracted. The fibrillar contractions 
have no propulsive power so that the blood-pressure falls almost to zero. 
Spontaneous recovery from this condition is frequent ; the blood-pressure 


rises, and the heart after a period of acceleration and increased tone, 


returns.to the normal condition, Though in this case there is dissocia- 
tion of auricle and ventricle, it cannot be attributed to depression of the 
auriculo-ventricular connections, since the abnormal conditions i in the 
ventricular muscles must be the chief factor. 

Variations in tone of the musculature. Remarkable vasiations in the 
tone of the heart have been sometimes observed in animals both with 


and without the vagi intact. These were usually seen after intravenous 


injection though the same effect was observed on two occasions after 
large quantities of potassium chloride had been injected on the arterial 


side, The variations in tone were accompanied by variations in rhythm; 
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for example, at one moment the heart contracted normally, a few seconds 
later it was markedly relaxed and beat much more slowly, and again 
half a minute later its tone was greatly increased and the rate much 
accelerated. In Fig. 4 changes of this nature, brought about by the 
injection of 9 o. M/10 KCI into a cat which had in the course of the 
preceding seven minutes received 25 c. M/10 KCI, are illustrated ; the 
sudden transitions from slow to rapid rhythms are well shown. * 


Fig. 4. Cat. Decerebrate. Curarised. Variations in rhythm and tone of the heart. 
9 0.0. M/10 KCl injected into femoral vein during period indicated. sie 


Many of these cardiac irregularities are such as to defy analysis by ; 


ordinary methods, but it is hoped that information as to the loci of 
incidence of the action of potassium and the changes in the activity of 


the muscle which it brings about may be afforded by electrocardiographic — 


investigation. 


Errror or Insecrion. 


The blood-pressure changes following the injection of potassium 
salts into an artery have been studied by Mayeray and by Braun. 


The observations of the former worker have no bearing on the present 


investigation, as they consisted of injecting large quantities, 100 c.c. and 
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more, of 14 p. KCl into the femoral artety of a rabbit over a period 


of about half an hour; a small rise of pressure, less than 20 mm., usually 


occurred at a late period of the experiment and was followed in a few 


minutes by a rapid fall of blood-pressure and death. Braun injected 
potassium nitrate’ solutions into the central end of the carotid: artery 
and obtained a rise of blood-pressure apparently of about 50 mm. Hg.; 
the exact quantities injected are not stated and the rise of blood-pressure 
can only be approximately arrived at from the tracings given. To 


ascertain whether the action was central or peripheral, he also injected 


the salts after ligature of the brain arteries; he still obtained a tise. 
of pressure which he concluded must be peripheral in origin. He 


pointed out that potassium salts had a vaso-constrictor action, that 


Fig. 6. | 
e Decapitated. Rise of blood-pressure and constriction of intestinal vessels 
following injection of 6 0.0. M/6 KCl into central end of left carotid artery. At the 
arrow recording lever was adjusted as indicated; nnn Sere, 

. and intestinal volume indicated by |*. i 
Fig. 6 Cat. Decapitated. of blood-pressure and desrease io volume of hind limb 
/s KCI. 
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there was no evidence that they ever exerted a vasodilator action, and 


that the fall of pressure usually seen on intravenous injection was due 


to their effect upon the heart. The present observations confirm Braun's 


conclusions ; the increase in blood-pressure that results from intra-arterial 


injection is, however, much ‘greater than those which he figures; this is 


probably due, as results considered in a later section show, to the 
In my experiments the injection into a catotid artery of a few c. c. 


_ M/7 KCl, a solution iso-osmotic with the blood serum, invariably caused 


a large rise of blood-pressure, whilst injection of a corresponding 
quantity of M/7 NaCl was followed by a rise of less than 5 mm. Hg. 


This pressor effect was shown by plethysmographic observation to be 


due to vaso-constriction in which vessels in all parts of the body are 
affected; it is illustrated in Figs. 5 and 6, which show changes in 
intestinal volume and limb volume respectively. 


Increased activity of the heart plays no part in the rise since cardio- 
meter tracings show practically no change in the rate and output of the 
heart, though there is a very slight degree of dilatation, doubtless due to 


the increased peripheral resistance. 

A similar rise of pressure is produced by injecting other salts of 
potassium, such as lactates, acetates, sulphates and nitrates, so it is 
concluded that the effect is due to the potassium ion. The rise of 
pressure is seen with very small quantities; in Fig. 10 is shown a rise of 


pressure which commenced after the injection of about 6 cc. of 25 
potassium chloride. Occasionally the injection of such small quantities 


is followed ‘by a very slight fall of pressure, suggesting that there is a 
slight dilatation of the vessels, but usually a rise or no variation of 


pressure at all follows, Larger doses, such as 5 C. /s KCl, always 


produce a rise when given intra-arterially, even when injected very 


rapidly; when injected intravenously at a similar rate such doses are | 


invariably fatal. The effects of intravenous and of intra-arterial injection 
on the heart and blood-pressure may be compared in Figs, 3 and 7. 
Repeated injections of a few cc. M/7 KCl, a few minutes being 


allowed to elapse between each injection, produce rises of blood-pressure 
of about the same order for five or six successive injections, When 


further injections are given or when periods of only about half a minute 
elapse between successive injections, the rise on each injection becomes 
progressively less; the response of the vaso- motor mechanism is not so 
active. At length a point is reached at which the heart also is obviously 


affected and manifests changes similar to those seen on intravenous — 
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injection. Marked dilstation, sudden variations in tone, heart block 
and ventricular fibrillation, have been at different times observed in 
eats of about 2 kilos weight which had received in the course of half an 

over 00. of M/7 KCI into a carotid. 


Fig. 7. 


Decerebrate. Upper tracing = ventricular volume, — 
: Intra-arterial injection of 4 0.0. M/6 KCl. 
of 4 0.0. /11 KCl. 


The question arises as to what parts of the vaso-motor mechanism 
are excited by the potassium; whether the vaso-motor centres in : 
medulla and cord or the walls of the vessels are stimulated, or whether . 
both the central and the peripheral mechanisms are concerned. To 
investigate this question comparative experiments have been performed 
on decerebrate animals-—in these the medullary centres are intact—on 

_ decapitated animals, and on animals in which the cord has been pithed 
or ergotoxine administered 1 in sufficient quantities to paralyse the vaso- 
motor endings. 

The Decerebrate Cat. Decerebration was performed in the manner 
described in a former paper u; except where otherwise stated the vagi 
were cut and the preparation was curarised. The transection of the 
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brain. stem was situated above the pons so that a preparation was 


obtained in which the vaso-motor centre remained intact, and a portion 


of the fluid injected into the central end of carotid artery was carried 
directly to the medulla by the left vertebral artery- 
The injection of a few cc. of a solution of a potassium salt was 
followed by a very large rise of blood-pressure ; sometimes the pressure 
rose from 100 to 250 mm. Hg. For example in the experiment illustrated 
in Fig.8 when 4 c M/11 KCl were injected over a period of 25 seconds 
into the right carotid artery, the blood-pressure rose in less than 
20 seconds from 105 mm. to 220 mm. A rise.of equal magnitade was 


produced several times in this preparation. In the spinal animal 1 


have never observed an incresse of more than 70 mm. with such low 


R 
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"Fig. b. Cat. Decersbrate. Changes in blood-pressure snd limb volume following 


Fig. 10. Ont. Deoerebrate, Rise of blood-pressure and decrease in intestinal volume 


during injection of 10 c.c, M/25 KOI over a period of 100 seconds. — 
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concentrations of potassium chloride, although with 4 c. M/7 KCl a 

rise of over 150 mm. has frequently occurred. 

ce: Constriction in vessels all over the body occurs. In Fig. 9 the 
volume changes in the hind limb are shown; in this case there was 

considerable after dilatation of the vessels, probably a passive en 

owing to predominant constriction of the splanchnic area. 

In another experiment after the injection of 6 c.c, M/25 KCl over a 
period of 60 seconds, a concentration which has never been seen to 
produce an appreciable blood - pressure rise in the spinal cat, the blood- 
of vaso-constriction, as shown in 
Mig. 10. 

It appears reasonable to attribute the greater readiness of response 
in the decerebrate animal to the excitation of the medullary vaso-motor 
centre, which is more sensitive to stimuli than the spinal vaso-motor 
centre. 

The Spinal Cat. The rise of pressure produced in this preparation 

is also of considerable magnitude; for example, 4 c.c. M/6 KCl injected 
over 15 seconds caused a rise of pressure from 45 mm. to 210 mm. The 
rise of pressure is due to vaso-constriction, cardiometer records showing 
little or no change in the output of the heart, while plethysmograph 
records indicate marked constriction of intestinal vessels. 1 features 
are illustrated in Figs. 5, 6, 11 and 14. 
A considerable rise of pressure has been seen with quantities as 
small as 4 00 M/10 KCl, while the greatest increases have been seen 
when a few cubic centimetres of a hypertonic solution, such as M/ 
Kl, were injected ; in such cases the excitant effect of the hypertonicity 
of the solution was added to that of the potassium ion. 

A fall of pressure, in no case amounting to 10 mm., has been seen in 
several cases when solutions of less than M/12 KCl were injected ; 
apparently the slight change in composition of the blood salts caused a 
slight relaxation of the vessel wall. 

The effect of calcium salts, recognised antagonists to the action of 
potassium on skeletal muscle, upon the action of potassium on the blood- 
pressure was investigated in the spinal animal. When equimolecular 
quantities of potassium and calcium chloride were injected, the rise of 
blood-pressure still occurred, though it was not of equal magnitude. It 
also came on more slowly, not showing the sharp rise seen with 
potassium alone. From the results obtained, however, it was obvious 

that the action of the calotuma was no means 

marked. | 
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‘Phe Peripheral Vessel. Wall. The vaso-constriction in the spinal! 


animal might be due to two factors, excitation of spinal vaso-motor 
centres and direct action on the vessel wall. The former factor was 


eliminated in two ways, first by employing cats in which the spinal 
cord was destroyed by pithing, and second, by means of ergotoxine 


which, as Dalea» has shown, paralyses the vaso-motor endings in the 
walls of the arteries. Comparisons were instituted between the spinal 
cat and the cat with cord pithed. ee 

The cat with spinal cord destroyed. The comparison under equal 
conditions with the spinal cat is not easily obtained, since frequently 
the operation of pithing at once severely disturbs the action of the 
heart, or, owing to the low blood-pressure that results, the nutrition of 


— 


the second after, the cond was destroyed. = 


the heart is adversely affected, Some favourable experiments were 


obtained and these show that the blood-pressure rise in the pithed cat 


with cord destroyed is considerably less than in the spinal cat, and does 


not persist nearly so long. The results are illustrated in Fig. 11 which 
shows the effect of potassium before and after pithing the cord; in this 
experiment the heart remained in very good condition. | 

In several cases comparison was made between the spinal preparation, 


and the same preparation with the splanchnic nerves cut and later with — 
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the spinal cord destroyed, Such an experiment is illustrated in Fig, 12, 
which shows that the blood- pressure rise becomes progressively less 
under these three conditions; the action of the heart in the pithed — 
animal was much weaker so that the comparison is not a rigid one, 

The conelusion is thus 


arrived at that the rise in — — ——n 
pressure in the spinal -/ 

animal is due to the action 8 e 

of potussium both on the | |} 4 5 


spinal vaso- motor centres | 57 4 
and on the peripheral 
vessel wall. 

The spinal cat under “400 
ergotoeme. Sufficientergo- | 
toxine phosphate was ad- 
ministered to render 
stimulation of the cut end “JO K 


of the spinal cord without 

effect on the blood-pres- Ka 

sure, about 8 mgms. being 7 22 ig 
given to a cat of 1°5 kilos. 70 

Potassium chloride still Aale 


produces an effect under 
these conditions, but it is ~~ arterial injection of 4 0.0. 8 KCI (1) in spinal 
much smaller and the animal, (2) in spinal animal with left splanchnic 


main rise is of very much nere cut, (8) after cord destroyed. At x 4 
shorter duration, as illus- minutes wait. 
trated in Fig. 13. 


This result shows that potassium can act directly on the muscular 
tissue of the vessel wall, the integrity of the neuro-muscular junction 
is not essential for its action. The methods employed do not afford 
evidence as to whether or no the potassium acts at all upon the 
sympathetic neuro-muscular junction, but a comparison of the effects 
in the animal with cord pithed, in which the vaso-motor endings are 
still excitable, and the animal under ergotoxine, in which they are 
paralysed, suggests that the sympathetic ending is not excited by 


Potassium, 


In contrast to potassium, barium chloride produces as great an 
effect after ergotoxine as before its administration; for example, 5 ae. 
8 — BaCl, injected aver 20 seconds increased the blood-pressure 
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from 80 mm. to 220 mm. before ergotoxine, and from 70 mm. to 210 mm. 
after ergotoxine. Its pressor effect is apparently entirely the result of 
an action upon the vessel wall, not — through: the mediation of 
nerve centres, 

marked diminution of flow through organs perfused acoerding to 


Stefani's method, when potassium chloride solutions were substituted 


for sodium chloride. They are in opposition to the conclusions arrived 
at by Kobertw, and others, who classed 
vaso-dilators, 


ergotoxine. Oat. Decapitated. C. 1 before 
⁵ĩͤ 


the coursé of the investigation has been so marked as to suggest 
chat“ the smaller effects. obtained by other observers who employed 
intra-arterial injection might be due to the fact that the circulatory 
mechanisms in the animals they were 
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anssthetics. To examine this point, experiments were performed 
in which the action of a certain quantity of potassium chloride was 


tested on a spinal preparation before the administration of chloroform 


and after a moderate percentage of chloroform had been administered 
for various periods; the results of such an e are iltustrated i in 


Fig. 14 

It is seen that the incre- 
ment of blood-pressure is con- 
siderably lessened after a few 


minutes chloroform admini- 


stration. It appears likely 
that this is in large part due 


to the depressing action of 
CHCl, on the nerve centres, 


since 5 cc. of M/7 barium 
chloride produced almost as 
great a rise after administra- 
tion of 2 pc, chloroform for 
10 minutes as in the un- 
antesthetised preparation. In 


the experiment illustrate 


there was not much recovery 
15 minutes after the cessation 
of the anesthetic, but in some 


other experiments where 1 pe. 


CHCl, was given for 15 


minutes the blood-pressure 
rise was 30 mm. higher 10 
minutes after the chloroform | 


was discontinued, though still 


15 mm, less than the original 


response. With small doses, 


such as 3 cc. M/12 KCl, a 
slight fall of pressure was 8 seen in eee a 
_ parations, but this in no case amounted to 10 mm. Thus even in 


sean Effect of chloroform upon the rise of 


pressure produced by potassium salts. 

injection. Decapitated. 5 0.0. M/7 

KCl (1) before 
administration of chloroform, (2) after 10 
minutes of 2 p.c. CHOl,, (3) after 26 
minutes of 2 p.c. CHOl,, (4) 


chloroformised preparations, — has almost e a constrictor 
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46 5 C. 0. M/7 KCl in 28 secondr. 
2 95 
4 80 45 
43 2 p.c, CHOI, on. | 
42 inn KCl in 20 fer 10 minutes 
18 85 140 
20 30 60 ae 
34 0 40 oer CHO, 
84 40 116 
186 0 44 on 
48 40 120 19 ster CHO, 


discontinued. 


THE Acrion UPON SKELETAL Moscin 


Since my observations showed that vaso-motor centres in medulla 
and cord were stimulated by potassium salts, evidence was sought as 


to their effect upon the somatic motor centres, Most observers have 
noted the paralysing action of potassium when injected subcutaneously 


or intravenously, the frog being the animal usually employed; a 


few observed convulsions but, as they were not working on animals 
under artificial respiration, they ascribed the convulsions to asphyxia 
from failure of respiration or circulation. 

When a few c.c. /s KCl were injected into the carotid artery of 


a non-curarised spinal cat distinct movements, such as scratching 
movements, rhythmical flexion and extension of the forelimbs and 
movements of the tail, which could have arisen only from excitation f 
the spinal centres, were observed; these movements took place when 


the blood-pressure was kept at a steady level by means of the Bayliss 


compensator(#) so that they were not due to circulatory changes. With 


larger doses the extent of movements was greatly increased and 
convulsions sometimes occurred. Certain muscular contractions, chiefly 


twitches, are produced in curarised animals, and this led me originally 


to ascribe all the muscular movements to a direct action of the potassium 
on the muscle, but extended observation has shown the undoubted 


excitatory effect of potassium upon the skeletal centres in the spinal 


cord. When repeated quantities are given the paralytic stage super- 
venes, the somatic centres fail to — to an injection of potassium 
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chloride which produces almost the same rise of pressure as at the 
commencement of the experiment, so it appears that the somatic centres 
are more readily paralysed than the visceral. 

These observations are in accord with those of Astolfonias who 
applied 1 p., KCI topically to the exposed spinal cord of the frog. He 
stimulated lumbar roots with the faradic current before and after 
applying the potassium, and observed the distance of the secondary coil 
when flexion of the hind limb was just elicited in a certain constant 
manner, The results showed that there was a short period of increased 
excitability, and in the course of an hour or so by total absence of 

nse. 
My results leave no doubt that the skeletal muscle centres in the 
mammalian spinal cord are primarily excited by moderate ä of 
potassium salts. 
| Tae Action on Pian Moscia. 3 

This was investigated in view of the direct constrictor action of 
potassium salts upon the blood vessela Their action on skeletal 
muscle was long regarded as a purely paralysing one, but after 
‘Brunton and Cashuo had shown that one in 1 in 1000 KCl increased 
the height to which the frog’s gastrocnemius contracted on stimulation, 
_ Ringeren, who had at first noted only the paralytic effect upon 
skeletal muscle of the salt when injected into frogs, observed strong 
contractions of the frog’s sartorius placed in 02 pe. KCl at 10—16 
degrees This phenomenon has recently been studied by Zoe thoutan 
who obtained a sudden contraction of the gastrocnemius lasting 20 to 
100 seconds when it was placed in M/8 KCl, and by Minesen The 
latter has studied the effect upon the frog’s sartorius and rectus 
abdominis; he found an increase in spontaneous excitability, and an 
inerease in excitability to galvanic current and to induction shocks 
when 01 p.c. KCl was added to the ‘7 p.c. NaCl in which the muscle 
was immersed. He has also shown that the prolonged contraction of 
the muscle in character 
by Ca, Ba, and Sr salts. 

When we turn to the action on plain muscle, fow observations are 
recorded. The experiments of Nothnageloo and of Fléelanin which 
crystals or strong solutions, 20 p.c. and upwards, of potassium chloride 
applied to a small area of the rabbit’s intestine produced local contrac- 
tion, must be regarded as ene of the action of asin — 
salt solutions. 
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400 G MATHISON. 
Winklers concluded that M/20 KCI (37 p.c.) exerted only a 


‘weakening action on plain muscle, corresponding to the action which in 


his opinion potassium salts had upon skeletal muscle, Stiles, 


working with the frog’s esophagus or with strips of the frog’s stomach 


wall, found that quantities of potassium ‘slightly in excess of the 


normal amount present in blood caused relaxation, but that percentages — 
considerably in excess of the physiological excited contraction. The 


muscle was suspended in a bath of about 25 00. capacity and KCl 
solution was added; the strength of solution used was such that the 
‘concentration of sodium chloride in the fluid was frequently reduced to 


45 pc. It was found that with concentrations up to 15 p.c. KCI the 
musole tone was depressed, the most marked depression being observed 


with about 1 p.c., and that above 2 pe the muscle tone increased. 


1 ‘4 4 


Littl 


Fig. 15, Lower end el eat’s Gsephagus 1°5 ems. long In this and the three succeeding 


figures the preparations. were suspended in Ringer’s solution at 86°, KCl. was intro- | 


| duced at the upright arrows up to the percentages indicated; at R fresh Ringer 


was substituted. In all cases apstroke signifies contraction, the magnification of the a 


movements by the lever being less than three times, and the time mark=10 seconds. 
In my experiments I have used mammalian tissues only—the isolated 
virgin uteri of the cat and of the guinea-pig, using the method described 
by Kehrerds and employed by Dalews, and the lower portion of the 
cesophague of the cat as used by Walleras. The preparations were 
suspended in a bath containing 250 c.c. of Ringer’s solution (containing 
035 pe. KCl) kept at 38°C., and efficiently aerated by a stream of 
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oxygen. The potassium chloride added was in a very ‘concentrated 
solution so that there was practically no dilution of the other constituents _ 
of the Ringer's fluid. The concentrations studied were for the most 
part between 05 pc. and 6 p.c., and it may at once be stated that 
these all caused contraction of the muscles used. The addition of 
sufficient potassium chloride to raise the concentration to ‘6 pic. certainly. 
rendered the solution appreciably hypertonic, but the effect was 
controlled by means of equally hypertonic sodium chloride, and this 
was found to produce no effect upon the contraction of the muscle at 


all comparable to that which . ander the action of — 
chloride. 


6% KCL 


| 

Fig. 11. 
Fie 1 Isolated horn of virgin torus of oat in Ringer's solution 86°C. 


Effect of from 16 to 35 p.c. KCl. : 


16 is shown the action of 3 pe. to 6 pe. KCI on cats 
esophagus. Before the potassium was added there were no rhythmical 
contractions, but when, after the substitution of fresh Ringer's solution, 
the shortening produced by the potassium had ceased, the csophagus 
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contracted ‘rhythmically. On this preparation “3 po, did not cause 


quite as much shortening as 6 pio or 4 pa, at which concentration 
maximal contraction was seen. After each application of potassium 
chloride there was some residual shortening of the muscle; the one 
change of Ringer’ s solution was apparently unable to completely wash 


out the salt. Contraction of the csophagus has been observed with 


4 pc. KCl; below this concentration I have made no experiments. 
The isolated virgin uterus of the cat also yields a positive response. 


In Fig. 16 are shown the effects of from 15 to 35 pic. KCl, acting for 
short periods, and also a remarkably steady tonic contraction lasting 


for over four minutes, observed when the potassium was allowed to 


remain at a high concentration for some — but soon te 2 


when the solution was changed. 


e. 


— 


Fig. 18. Potion of hor of wr, ong. 
ee Effect of 05 to 4 p. o. KCl. | 


In Figs. 17 and 18 the action upon the. isolated horn of the guinea- 
pig’s uterus is illustrated. The amount of contraction of this tissue is 
remarkable; from an elongated cylinder it rapidly shrinks into a hard 


round sphere with a diameter perhaps only one-fifth the original length 
of the preparation. Potassium chloride in concentrations between 
05 pe. and G p.c. caused strong contractions ; with the higher concentra- 


tions, as shown in Fig. 17, more than one renewal of Ringer's solution 
was required to bring about relaxation. 


In some cases shortening persisted in spite of repeated changes: of 
the solution ; the tone did not then remain at a eases riders but — : 


rhythmic variations. 
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Thos when added to Ringer’s solution at 37°C. in concentrations of 
05 pe to 6 p.c. potassium chloride causes a powerful and prolonged 
contraction of several preparations of plain muscle. The effect may be 
produced repeatedly without obvious diminution of strength. I have 
in two cases observed it on guinea-pigs’ uteri which had been subjected 
to the action of ergotoxine, which paralyses the sympathetic motor 
endings to plain muscle. The horns of the guinea-pig’s uterus are, 
as far as is known, free from ganglion cells, and appear to be deficient 
in nervous structure. In view of the paralysing effect upon nervous 
tissues of the prolonged or repeated action of potassium salts, it appears 
from the large number of responses which a plain muscle preparation 


is capable of yielding, that the potassium causes the contraction by 


acting on a non-neural portion of the tissue, a view that is in accordance 
with that put forward by Minesen and 3 by Langtey«n for 


skeletal muscle. 


SuMMaRY. 

1. Potassium salts when injected e bring shout a 
primary fall of blood-pressure, followed if the dose be not too large by 
a secondary rise. 

2. The fall of blood-pressure is due to the action of potassium on 
the heart, the activity of which undergoes various changes. Among 
these the chief are dilatation and diminished output, immediate 
stoppage in diastole, marked sinus slowing, partial or complete heart 
block, ventricular fibrillation with auricular contractions somewhat 
feeble but apparently otherwise normal, and peculiar rapid variations 
in tonus. Recovery from all these conditions is possible and is usually 
facilitated by washing out the heart with normal saline. 

3. The intra-arterial injection of a few cubic centimetres of M/7 
KCI solution, a solution isotonic with the blood, produces an immediate 
rise of pressure in the decerebrate animal, the spinal animal, and the 
animal with spinal cord destroyed. In the decerebrate animal the 
pressure may rise from 100 mm. up to 250 mm,, in the spinal from 
60 mm. to 210 mm., the decerebrate yielding a slightly greater response 
and also responding well to quantities which produce no pressor effect 
in the spinal animal. 

4 This rise of pressure is due partly to excitation of vaso-motor 


centres, partly to a direct effect upon the vessel wall, since a considerable 
rise of pressure still occurs in the animal with spinal cord pithed, or 


after paralysis of the vaso-motor endings by ergotoxine. Chloroform 


considerably lessens the response chiefly by depressing the centres. 
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5. Skeletal muscle centres in the spinal cord are at first excited 
by potassium salts, though a paralytic stage soon supervenes. 
6. Potassium: chloride in concentration of 05 to 6 pio, causes a 


marked and immediate contraction in mammalian plain muscle 
preparations such as the esophagus and the uterus of the cat, and ead | 


isolated horn of the guinea-pig’s uterus. | 
7. The results show that in the cat potassium acts as an ee 
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ON THE RELATION OF THE REFRACTORY PERIOD 
TO THE PROPAGATED DISTURBANCE IN NERVE. 
_ By J. CRIGHTON BRAMWELL, Eehibitioner of Trinity 
College, Cambridge, anv KEITH LUCAS, Fellow. and Lecturer 
of Trinity College, Cambridge. | 


(From the Physiological Laboratory, Oambridge.) 


THE experiments described in this paper have been directed towards 
determining how far the refractory period of an excitable tissue is a 
consequence of the passage of the propagated disturbance over the 
tissue, and how far it is an effect produced locally by the direct action 
of the electric current used for exciting. It is clear enough that the 
propagated disturbance does leave behind it some sort of refractory 
state. This fact is seen in the common observation that the beating 
frog’s ventricle is refractory for a certain time after a spontaneous wave 
of contraction has passed over it. Also Gotch* has stated in a recent 


paper that the refractory period of nerve appears to be little affected 


if instead of the two stimuli occurring at the same situation they occur 
in different places on the nerve.” As far as we are aware no numerical 
data relating to this question have been published. We felt therefore 
that it was necessary to satisfy ourselves whether on the one hand the 
whole duration of the refractory period of a tissue must be ascribed to 
the effect of the propagated disturbance or on the other hand some 
local effect of the electric current at the seat of excitation might also 
be responsible for the failure of a second electric current to excite. 
The answer do this question forms a necessary link in any attempt 
to correlate the various phenomena of recovery observable in a tissue 

The experimental work was carried out by the following method. 
Two coreless induction coils (A and B, Fig. 1) were used as the sources 


1 This Journal, XL. p. 267. 1910. ? 
PH. XIII. 32 
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of exciting current. The secondary coils of these were connected by 
platinum electrodes to the sciatic nerve of a frog. The anodes of the two 
coils were joined to a common electrode O, which lay near the central 
end of the nerve. The cathode of coil A was joined to a platinum 
electrode D, which touched the nerve at a point about 5 mm. nearer to 
the muscle. The cathode of the coil B was so arranged that by the 
changing of a plug at F it could be joined either to the electrode D, 
or to an electrode situated at a point on the nerve about 15 mm. 
nearer to the muscle. The primary circuits of the induction coils were 
completed by ‘knock-down keys Ki, K., which lay in the path of a 
pendulum’. They were so arranged that the primary circuit of A was 


struck open first, and that of B at any desired fraction of a second later. 
According as the plug in F was in one hole or in the other the second 
exciting current had its cathode either at D, which had been the 
cathode of the first exciting current, or at E, which had been traversed 
only by the propagated disturbance set up at D. The purpose of the 
experiment was to determine whether the interval between stimuli — 
which just failed to give a summated contraction in the gastrocnemius 
muscle was the same whether the second seat of stimulation was 
coincident with the first at D or remote from it at Z. 

There are several points about this arrangement which demand 
some consideration before the experimental results can be properly 
interpreted. In the first place when the cathode of coil B is moved 
from P to E there will necessarily be some alteration in the strength of 
the current traversing the nerve. When both cathodes are at D each 


This Journal; xxxvit. p. 461, 1908. 
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coil will shunt part of the current traversing the nerve, Consider first 
what happens when the primary circuit of coil A is broken. If the 
_ cathodes of both coils are at D the current will pass as shown in Fig. 2}. 

But if coil B has its cathode at E a smaller part of the current in coil 
A will be shunted, sines there will be in the derived circuit through 
coil B the additional resistance of the 15 mm. of nerve between D and 
ZE. Consequently the current through OD is stronger when the cathodes 
are separated than when they are together. The path of the current 
is shown in Fig. 3. Similarly the current caused by breaking the 
primary circuit of coil B will be shunted through coil A when the 
cathodes are together, the path of the current being mutatis mutandis 
‘that shown in Fig. 2. But when the cathode of coil B is at E, as shown 
in Fig. 4, a smaller part of the current will be shutited since the derived 
circuit through coil A is led off from a short part only of the whole 
length of nerve traversed. 

The effect of these differences is that whether coil A or B is serving 
as the source of current the current traversing the nerve is stronger 
when the cathodes are separated than when they are together. This 
fact is clearly seen if the coils are adjusted to give a minimal excitation 
first with the cathodes together and then with the cathodes apart. It 
is found that for coil A the threshold current-strength is some 40°/, 
less when the cathodes are separated than when they are together. 
And similarly for coil B the change in the threshold current-strength is 
in the same direction and of the same order. Consequently if the coils 
are not adjusted anew whenever the change of cathodes is made the 
observations with cathodes apart will be made wit stronger currents 
thas those with cathodes together. 

This difference is of little importance as far as the first en is 
60 As Bazett* has observed, the strength of the first stimulus 
does not appear to affect the duration of the refractory state provided 
that it ia sufficiently great to produce a maximal response. The effect 
of strengthening the second stimulus might however be of greater 
importance. It is well known that to the period of absolute inexcita- 
bility there succeeds oue of diminished excitability. If the alteration 
in Whe Strength of the second stimulus is so great that one second 
stimulis-excites as soon as the period of complete inexcitability is over, 
whereas thé other is so much weaker that it cannot excite until the 


i ti ids. 9, 8 and 4 the heavy arrows show the path of the current in the ooil whose 
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condition of inexcitability has subsided considerably, then the experiment 


will fail, This source of error must be stopped either by making the a | 


exciting currents of such strength that they shall be fully maximal 
whichever arrangement of cathodes is used, or else by adjusting the 
coils anew when the cathodes are changed. Each of these methods has 
been used in turn in our experiments. As a rule we used the former 
method. That it sufficed to prevent any considerable error will be 
made clear when the experimental results are described. 

The second point which must be considered in relation to these 
experiments is the effect produced on the apparent duration of the 
refractory state by the time lost in the spread of the propagated 


disturbance from one seat of stimulation to the other. Ifthe refractory — 


state is associated with the propagated disturbance it will not. commence 
at the point E (Fig. 1) until the necessary time has elapsed for propaga- 
tion from D, the seat of the first stimulus, to E. Consequently. the 
refractory period, if it is really of the same duration at E as at D, will 
terminate later at E by a time equal to that taken in propagation from 
D to E. It is necessary to make allowance for this lost time in estimating — 
the duration of the refractory state at E. The method which we 
adopted for this purpose was to deduct from the apparent duration of 
the refractory state at I a time calculated from previous experiments 
in which the rate of conduction in the sciatic nerve of the frog had been 
measured at various temperatures. 

__ Euperimental results, In Table I there are given the numerical 
results of our experiments, In every experiment the determinations of 
the refractory period were made alternately with cathodes together and 
with cathodes apart. All cases were rejected in which the two values 
obtained with one arrangement of cathodes before and after the observa- 
tion with the other arrangement did not agree between themselves 
within 10°/,, This rigid method of rejection seemed necessary in order 
to avoid the inclusion in our results of cages in which the tissue was 
undergoing a progressive change during the experiments. With the 
exception of cases rejected on these grounds we have included in the 
table all the results obtained. Each determination of the refractory 
period is indicated by two numbers with the signs — and + following 
them. The former is the longest time interval between stimuli which 
failed to yield a summated contraction in the muscle, the latter is the 
. shortest interval which did yield a summated contraction. The con- 
_ tractions were recorded on a drum moving so slowly that the records of 
contraction and relaxation formed e a — line, Fig. 5 is a 
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typical record. The number under each group of contractions indicates 
the time interval between the stimuli in terms of degrees of angle by 
which the knock-down keys were separated. In each group the first 
contraction is with coil B alone, the second with coil A alone, the third 
and 1285 at stated time the fifth with 


FFF 158 to 18-7 0. 
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* coil A alone a The presence of summation is indicated by the 
third and fourth contractions being larger than those by which they are 
_ preceded and followed. In Fig. 5 the cases where summation is judged 
to have occtirred are marked with a cross. The signs ‘tog’ and ‘sep’ 
show whether the observations were made with the cathodes of the two 
coils together at the point D (Fig. 1) or separate at the points D and E. 
It will be observed that there are some figures below the record preceded 
dy a = sign. In cases marked in this way the stimulus from coil B 
preceded that from coil A4. Thiese observations will be referred to in 
detail below. 
It is easy to see from Table I that the refractory period observed 
with cathodes separate, ic. when the second stimulus falls on @ point 
other than the seat of the first stimulus, is on the whole slightly longer 
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than that observed when the cathodes are together. It remains to 
apply to these results the necessary correction for the time lost in 
conduction between the seats of stimulation. In estimating the time 
lost in this way we have relied upon the observations' made by one of 
us on the rate of conduction in the motor nerves of the frog at various 
temperatures. The actual observations described in that paper do not 
cover all the temperatures used in the present experiments, but it has 
been possible by interpolation to obtain values which are sufficiently 
accurate for the small correction which is required here. The valuee 
actually taken were the following. 


Rate of conduction Time taken for con- 
Temperature m metres per sec. duction over 16mm. 
185 to 188° 0. 82 0005 sec. 
12°7 to 18˙8 C0. 25 0006 sec. 
9°9 to 10 2 0. 20 0007 sec. . 
85 to C. 18 0008 seo. 
% 0. 16 | "0009 sec. 
89 to 40°C. 14 0011 sec. 


In Table II there are e given the mean ada from the 8 
set out in full in Table I. The first column gives the refractory period 
with cathodes together, the second that with cathodes apart, the third 
the correction applied for loss of time in conduction, and the fourth | 
the corrected value for the refractory period with the cathodes apart. 

The comparison which is the object of the experiments is that between 
the figures in the first and last columns, which represent respectively 
the duration of the refractory state at the point D (Fig. 1) which has 
been subjected to the first exciting current, and at the point E which 
has been traversed only by the propagated disturbance. It will be 
noticed that the correction applied for loss of time in conduction 
between D and E has brought these values into much closer agreement. 
Of the nine experiments recorded, five (1, 2, 4, 7a and 8) show the 
ranges within which the refractory periods are found to lie under the 
two different conditions overlapping one another, two (6 and 7) show 
a slightly shorter refractory period when the second stimulus falls on 
a point different from that excited by the first stimulus, and two 
(8 and 5) show a slightly longer refractory period under that condition. 
The one case in which there is a large divergence is Exp. 7, in which 
the refractory period lasts with cathodes together between “0053 and 
0056 sec., and with cathodes apart between ‘0041 and 0045 sec. In 
= experiment however the two determinations made with * 
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— together: before and after that with cathodes apart were not very 
closely concordant, and a later set of observations made on the same. 
preparation (marked Ta) gave complete agreement before and after the 
change of cathodes and yielded a result in which the corrected values 
for the refractory period under the two conditions agreed e ely 
closely, namely with cathodes together 0043 to 0047 sec. and with 
cathodes apart 0041 to 0045 sec. It is clear therefore that we cannot 
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lay tied: ‘stress upon the divergence found in Exp. 7. With this 
exception there seems to be no distinct bias towards the refractory 
period being either longer or shorter when the stimuli fall on different 
points of the nerve than it is when they fall on the same point. This 
fact is shown graphically in Figs. 6 and 7, of which the former shows 
the ‘refractory periods found at various temperatures with the two 
stimuli applied to the same point on the nerve, while the latter shows 
the corresponding values obtained when the stimuli are applied at 
different points. It can only be said that with the stimuli applied 
at different points the values are a little more irregular, and do not lie 
go smoothly on a continuous curve as they do when the stimuli are 
applied at the same point. 

It should be recalled at this point that the error which might be 
introduced by the stimuli being stronger when they fall on different 
points than when they fall on the same point would act in the direction 
of making the refractory period shorter in the former case. The effect 
whose presence or absence we are seeking to demonstrate is a possible 

prolongation of the refractory period by the local action of the first 
exciting current. This effect if present would tend to lengthen the 
refractory period when the stimuli fall on the same point, or in other 
words would produce the same result as the error due to inequality in 
the strengths of stimulus. The fact that in the experiments we do not 
find any prolongation of the refractory period when the stimuli fall on 
the same point justifies us in saying that for the purpose of our enquiry 
the: possible error due to the inequality of the stimuli is negligible. If 
we had found such a prolongation we should have been in doubt 
whether it was due to that source of error or was a real indication of 
a prolongation of the refractory state by the local action of the exciting 
current, but finding none we know that neither effect is present. Of 


ao course it remains possible that the local action of the first stimulus may 


be to shorten and not to prolong the refractory state, and that such an 
effect may be present though masked by the opposite error of our 
experimental method. That view might be held, but it would not 
affect our present contention, which is that, as nearly as we have been 
able to measure, the failure of the second stimulus to cause a con- 
traction is entirely à consequence of the passage of the propagated 
disturbance, is not directly due to local the exciting 
current. 
| When our experiments had this some observations 

made by one of us in the course of a different investigation revealed 
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the fact, the evidence ſor which will be published elsewhere in detail, 
that a second stimulus which is so early as just to fail to excite the 
gastrocnemius muscle from its nerve does not as a matter of fact fall 
quite within the refractory period of the nerve. It falls a small fraction 
of a second after the end of that period, and sets up a second electric 
response in the nerve, a response which is the concomitant of a . 
pagated disturbance which fails to excite the muscle. 

This means that our experiments have measured not the actual 
refractory period of the nerve but a time which is slightly longer. The 
point of fundamental importance for our present purpose is to know 
whether we have obtained a measure of the process of recovery in the 
nerve at all, or have merely determined the duration of the refractory 
state in the muscle. This question is fundamental because if the 
failure of the second stimulus to excite the muscle has been due to the 
muscle itself being refractory, then all our arrangements for exciting 
the nerve at different points have failed in their intention; if the nerve 
was already fully recovered when the second stimulus fell on it, we have 
obtained no measure of the duration of the process of recovery in the 
nerve. We must proceed therefore to enquire whether the experiments 
already described give a measure of the process of recovery in the nerve 
or of the process of recovery in the muscle. 

On a superficial view of the experiments it looks as 8 the 
determining factor in the failure of the second stimulus must be the 
refractory state of the muscle. We know that the second stimulus 
which just fails to excite the muscle does set up a second propagated 
disturbance in the nerve, and we know from the observations of Bazett' 
that the refractory period of a muscle is longer than that of the nerve 
by which it is innervated. But this reasoning is not so cogent as it 
might appear. We must not overlook the fact that the propagated 

disturbance set up in a nerve by an early second stimulus may undergo, 
as Goteh*has shown, a considerable delay in propagation. Consequently — 
the time interval separating the second disturbance from the first on 
its arrival at the muscle may be considerably greater than the time 
interval which separated the two stimuli at the seat of their application. 
In this way a second stimulus falling only just outside the refractory 
period of the nerve might set up a disturbance which after delayed 
propagation along the nerve would find the muscle recovered from its 
more e refractory state. In view of this possibility we cannot 


1 This Journal, xxxvr. p. 414. 1908. 
. 5. 260. 1910. 
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dismiss che question so’ easily. We shall attempt to show that it is 


possible by a slight modification of the experimental method already 


used to answer decisively the question whether in our earlier experiments 
we have measured the process of recovery in the nerve or that in the 
muscle. 

It should be observed in the first place that the experiments already 
described could be accounted for quite satisfactorily on the view that 
the refractory state of the muscle was the cause of failure of the second 
stimulus to bring about a summated contraction. On this view we 
should expect, as we actually find, that when the first stimulus was sent 
in at D and the second at E the necessary interval between stimuli — 
would be longer than that required when both stimuli fell on D. In 
the latter case the two propagated disturbances have to travel over the 
same length of nerve, but in the former case the disturbance starting 
from E has to travel a distance which is shorter by the length of nerve 
between D and E; consequently, if in the latter case the two distur- 
bances are to reach the muscle at the same time interval as in the 
former, the disturbance from E must start later — time taken in 
_ conduction from D to E. 


TABLE erations ads with cit Be 
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Suppose however that the experiment were so modified that ian 


the cathodes were separated the first stimulus was sent in at E and 
the second at D. In that case the stimuli would have to be separated 
by a time interval shorter than that required when both stimuli fell on 
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D, for the second propagated disturbance, having to travel over the 
additional length of nerve separating D from E. would have to be 
started earlier by a time equal to that taken in conduction from 
D to F. 

On applying this modified method of 88 we as hot find this 
2 confirmed. On the contrary if the first stimulus falls on E 
"and the second on D the time interval, between stimuli necessary for the 
production of a summated contraction is actually longer than when the 
stimuli both fallon D. In fact the result is practically the same as that 
of the earlier experiments, in which the first stimulus fell on D and the 
second on E. This fact is shown in Table III, which contains observa- 
tions made by the modified method. The experiments are numbered in 
accordance with those in Table I, the observations having been made on 
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the same preparations and as nearly as possible at the same time, as 
shown in the typical record of Fig. 5. The only experiment which gives 
a divergent result is Exp. 7, whose accuracy we have already seen 
grounds for doubting. In every other case the interval between stimuli 
is longer with the cathodes apart than with the cathodes together. The 


mean values (excepting Exp. 7) are the following. 


"0047 sec.— 0054 see. — > 
"0058 + 0058 


It is clear from these experiments that the explanation suggested 
above is not in accordance with observed fact. The failure of the second 
stimulus to excite the muscle cannot be explained simply by — 
to the persistence of the refractory state in the muscle. 

Wo are faced then with the fact that a second stimulus may set up 
propagated distarbance in the nerve, and the propagated di 
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dismiss che question 80 easily, We shall attempt to show that it is 
possible by a slight modification of the experimental method already 
used to answer decisively the question whether in our earlier experiments 
| we have measured the process of recovery in the meee eer the 
muscle, 

It should be observed in the first place that the experiments a : 
devedibied could be accounted for quite satisfactorily on the view that 
the refractory state of the muscle was the cause of failure of the second 
stimulus to bring about a summated contraction. On this view we 
should expect, as we actually find, that when the first stimulus was sent 
in at D and the second at T the necessary interval between stimuli 
would be longer than that required when both stimuli fell on D. In 
the latter case the two propagated disturbances have to travel over the 
same length of nerve, but in the former case the disturbance starting 
from E has to travel a distance which is shorter by the length of nerve 
between D and E; consequently, if in the latter case the two distur- 
bances are to reach the muscle at the same time interval as in the 
former, the disturbance from Y must start later 1255 the time taken 26 
conduction from D to E. 


TABLE III. ee made with stimulus from coil B 


Suppose 8 that the experiment were so modified that ite 


the cathodes were separated the first stimulus was sent in at E and 
the second at D. In that case the stimuli would have to be separated 
by a time interval shorter than. that requited wha both fll on 
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D, for the second propagated disturbance, having to travel over the 
additional length of nerve separating D from T, would have to be 
panes earlier by a time equal to that taken in. —! from 
D to 

On applying this modified method of 5 we do not find this 
ee confirmed, On the contrary if the first stimulus falls on E 
and the second on D the time interval between stimuli necessary for the 
production of a summated contraction is actually longer than when the 
stimuli both fall on D. In fact the result is practically the same as that 
of the earlier experiments, in which the first stimulus fell on D and the 
second on E. This fact is shown in Table III, which contains observa- 
tions made by the modified method. The experiments are numbered in 
accordance with those in — I, the observations having been — 
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the same preparations and as nearly as possible at the same time, as 
shown in the typical record of Fig. 5. The only experiment which gives 
a divergent result is Exp. 7, whose accuracy we have already seen 
grounds for doubting. In every other case the interval between stimuli 
is longer with the cathodes apart than with the cathodes together. The 
mean values (excepting Exp. 7) are the following. | 
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It is clear from these experiments that the explanation suggested 
above is not in accordance with observed fact. The failure of the second 
stimulus to excite the muscle cannot be explained simply by — 
to the persistence of the refractory state in the muscle. | 

We are faced then with the fact that a second stimulus may set up 

a propagated disturbance in the nerve, and the propagated disturbance 
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may fail to excite the muscle though it does not find the muscle re- 
fractory, If these inferences from the experimental observations are 
correct there remains no alternative but to suppose that the propagated 
disturbance set up by the second stimulus fails to excite the muscle 
because it is itself of subnormal magnitude. Let us enquire whether 
this ‘supposition is in accordance with the results of the two methods 
of experiment already described. That it is in accordance with the 
results of the first method of experiment, in which the stimulus at D 
preceded that at E, is obvious. When the two stimuli are at D the 
second stimulus is able to produce a summated contraction in the 
muscle after an interval of time during which the tissue at D has 
recovered sufficiently to yield a disturbance large enough to break 
across from nerve to muscle. When the first stimulus is at D and the 
second at E, the point E is not subjected to the propagated disturbance 
set up by the first stimulus until that disturbance has passed over the 
length of nerve between D and E. Consequently if the propagated 
disturbance is alone responsible for the altered state of the tissue the 
whole process of recovery at E is later than that at D by a time equal 
to that occupied in conduction from D to E, and the necessary interval 
between the two ‘stimuli is longer by that nants This is the fact 
illustrated in Tables I and II. 

When the modified method of experiment is used, so that with 
cathodes apart the first stimulus falls on E and the second on O, 
conditions appear at first. sight rather different. On application of the 
first stimulus at E the propagated disturbance will spread out towards 
the muscle in one direction and towards D in the other. The process 
of recovery at D will therefore be behind that at E by a time equal to 
that occupied in conduction from E to D. The interval of time at 

which ‘the stimulus at D will be able to set up a propagated disturbance 
ol magnitude sufficient to excite the muscle will therefore be equal to 
the interval observed when both stimuli fell on D plus the time of 
conduction from I to D. In fact under these conditions the results of 
the experiment should really, be identical with those observed in the 
first experiments, where the stimulus at D preceded that at E. Is this 
anticipation confirmed by the experiments? We have seen already that 
it is confirmed in so far as the necessary interval is longer when the 
_ cathodes are apart and the stimulus at E precedes that at D than it is 
when the two stimuli fall on the same point (of. Table III) It remains 
only to enquire whether the observed excess of the interval in this case 
is equal to the time lost in conduction between Hand D. Table IV 
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shows the result of applying to these experiments the same corrections 
as were used in the earlier experiments. With the one exception of 


Exp. 7 the agreement found between the intervals observed with 


TABLE Iv. 


0062 + 0062 + 
4 0058 9060 — 
0062 + 0064 + 

5 0049 00651 

0058 + 90065 + 
- 90050 

0035 + 0034 + 

7 0049 90067 — 
0054+ “0041 + 
90047 + 0048 + 


cathodes together and those observed with cathodes apart is remarkably 
close when the corrections have been applied. The mean values of all 


_ the experiments (excepting Exp. 7) are the following :— 


0047 56% $0047 seo, - 
+ | $9058 + 


We find then in these experiments complete contradiction of the 
view that the refractory state of the muscle is responsible for the failure 


of the second stimulus, and close quantitative agreement with the 


supposition that the state of the nerve itself is the cause of the failure. 
The exact state of recovery of the nerve determined in our experiments 
is that at which the tissue is no longer completely refractory but is able 
to yield a propagated disturbance just too weak to break across from 
nerve to muscle. It is probably of very little importance whether the 
time interval which we measure is that at which the nerve has so far 
recovered its excitability that it just fails to yield a propagated disturb- 


ande, or that at which it has recovered a little more and yields a 


disturbance so far subnormal as to be just subliminal for the muscle. 


In the two cases we are measuring different but definite points in the 
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same process of recovery. The fact that after due allowance for time 
lost in conduction we find the interval measured practically constant 
whether the second stimulus falls on a: point subjected to the first 
exciting current or on a point which has been traversed only by the 
first propagated disturbance shows that the process of recovery is alike 
under these two conditions. If this is the case it follows that the ; 
diminished excitability which follows an effective stimulus is a con- a | f 
sequence of the passage of the propagated disturbance, and is not caused : 
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REFRACTORY PERIOD. 300 


in any . degree by the direct action of the exciting current 
on the tissue. 


We thought it advisable to check this result by the direct measuré- 
ment of the refractory period within the nerve itself. We attempted 


to reach this end by stimulating in the way described in the previous 


experiments and recording with the capillary electrometer the electric 
response in the part of the nerve between the point E (Fig. 1) and the 
muscle. As a measure of the duration of the refractory period in the 
nerve we took the intervals between stimuli which just did and did not 
produce a visible second electric response in the photographic electro- 
meter record. This method offered many difficulties. In the first place 
the small length of the sciatic nerve and the occupation of a large part 
of it with the necessary distance between the two seats of stimulation 
left a comparatively small length available for the leading-off electrodes. 
This resulted in the excursion of the electrometer being rather small 
since in order to keep conditions constant over a prolonged ‘experiment 
we were obliged to use an uninjured nerve and consequently to record 
the diphasic electric response. For the same reasons it was difficult to 
avoid a large spread of the exciting current into the electrometer 
circuit when stimuli were sent into the point E (Fig. 1) which lay very 
close to the proximal electrometer contact. Perhaps the gravest 
difficulty was the long time necessarily occupied in making each de- 
termination of the refractory period. When the muscular contraction 


is used as the index of summation the experimenter sees at once whether 


each time interval between the stimuli does or does not give summation, 
and can rapidly narrow down to close limits the range within which the 
refractory period lies. The presence or absence of a second electric 
response cannot be seen until the photographic plate has been developed 
and brought into the light. Consequently the only practicable method 
in the latter case is to guess the probable limits within which the 
refractory period will lie and to expose a series of plates to the electro- 


meter with intervals between stimuli increasing step by step over the 


whole of that range. This means that a single experiment including 
four separate determinations of the refractory period requires between 
forty and fifty photographic plates and occupies about four hours. The 
probability that during so long a time the nerve will u some 
progressive change is obviously great. : 

The result of these circumstances was that it was very difficult 
to obtain concordant values for the refractory period in the two 


determinations made with stimuli sent in at the same point on the 
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nerve before and after that with the stimuli applied at different points. : 


In fact after several attempts we succeeded in completing only one 
experiment in which the concordance was satisfactory throughout. The 
of that table below as 9. | 


Exe, 9. (+) tilled eve (- 


9107 8° to 28° 


be seen that after the correction has been applied for time lost in 
- conduction, the rate of conduction at 3 C. being taken as 10 m. per sec., 
the refractory period found with the two stimuli at different points on 
the nerve agrees * with that observed when ms two stimuli fall on 
the same point. 


Cathodes together Correction for 


This 3 confirms the conclusion 3 reached, that in 


nerve the state of diminished excitability is not prolonged when she f 
second stimulus falls on the same point as the first, and that consequently | 


that state is produced by the propagated disturbance and is not a 
local of the current. 


Two stimoli are sent 
time interval by which they may be separated without the production 
of a summated contraction in the muscle is determined. This interval 


is found to be longer when the two stimuli fall on different points on 


the nerve than when they fall on the same point. If however from the 
time interval which just fails to produce summation when the points 
of application of the two stimuli are apart there is subtracted a time 


equal to that occupied in the spread of the propagated disturbance from 


the seat of the first stimulus to the seat of the second, this time interval 
becomes practically identical with the 
ou the same point. 
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It is shown that in these experiments the second stimulus which just 
fails to produce a summated contraction fails because the propagated 
disturbance (‘wave of excitation’) which it sets up in the nerve is of 
subnormal magnitude. | 

It appears from these observations that the diminished excitability 
which follows an effective stimulus is entirely due to the passage of the 
propagated disturbance over the tissue, and is not caused to any 
measurable degree by a local action of the exciting current: 

Similar measurements are made on the greatest time interval at 
which two stimuli may be sent into a nerve without causing any second 
electric response in the nerve. In this case also it is found that the 
interval is the same whether the two stimuli do or do not fall on the 
same point on the nerve, provided that allowance is made for the time 
lost in the spread of the propagated disturbance from the seat of the 
first stimulus to the seat of the second. 3 

These results confirm the conclusion reached by the other method. 

The expenses of this research were defrayed in part by a grant assigned to one of us 
by the Government Grant Committee of the Royal Society. ae 
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THE DETERMINATION OF THE CONSTANTS OF 
THE DIFFERENTIAL BLOOD-GAS APPARATUS. 
Br JOSEPH BARCROFT ann H. L. HIGGINS. 


the Physiological Laboratory, 


measure the physical constants of the differential blood-gas apparatus 
in some more simple way than has hitherto been described. 

The equation® for finding the volume of gas Q given off -_ a 
measured difference of pressure, p, is established is 


Q=p (Son 
where V is the volume of air in the bottle and tubing, P the baro- 
metric pressure in millimeters of fluid in the manometer (we have used 
clove oil throughout, 10,000 mm. of which corresponds to 760 of mercury) 
and d is the diameter of the manometer tubing 
Since 0°785 d' or wr* is the sectional area of the tubing (which we 


may call A) and since a knowledge & never 
required, the formula may be stated more simply 


Q=p (5 +4) 


It is convenient to express all the quantities in millimeters. The 


calibration of the apparatus involves the measurements of V and of A. 
The measurement of A. We measure A in the following way: the 
piece of glass tubing, Fig. 1 a, is made of a standard 1 c.c. pipette; the 


graduations corresponding to 01 cc. or 100 c.mm. are circles which 
go round the pipette in order to avoid parallax. Suppose, then, that 


100 c.mm. of oil are expelled from the pipette by turning the screw 7, 
and so pressing on the rubber g, this quantity of oil must go into 
the two tubes à and k. If these are of equal bore 50 cmm. of oil 
will go into each. It is possible, as a first approximation, to ascertain 
_ within pretty narrow limits whether the tubing on each side is alike, for 
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BLOOD-GAS APPARATUS, 513 
if it is not the oil will stand at different levels in the two tubes owing 
to the difference of capillarity. The bore of à and b is about 1 mm. 
in diameter. By reading the rise in the surface of the ee 
50 mm. is forced into it we may get the 
height of a cylinder of oil of 50 c.mm. 
volume and dividing the latter by the 
former we obtain a value for the sectional 
area of the cylinder A. Successive 
measurements of this character in a 
certain instrument gave readings of 617, 
61°8 and 62 mm. for the difference of level, 
of the oil in i. Hence A 8 = 
of V. Having de- 
termined the volume of a given length of 
the tubing &, V can be found by a simple 
application of Boyle’s Law. With the 
taps M and M open, suppose the surface 
of the oil in A and & to read 20 mm. on 
the scale at each side; if, now, M be 
closed and the screw turned till the sur- 
face in & rises to 81°8 mm. (i.. rises 618 
mm.) the total volume of the bottle and 
attached tubing will have been decreased 
by 50 mm. and the meniscus in A will 
stand above that in k. Since the bottle 5 
ete., has a volume of about 30 c.c., the Fig. 1. 
difference of level will be too slight to 
give satisfactory results. This trouble may be obviated by filling the 
bottle nearly full of water from a pipette which delivers a known 
volume. In the present case 25 c.c. of water were put into the bottle. 
The level of the water then stood approximately at æ. 

It remains to find the volume of the air space above. As this 
volume is only about 4-5 c.c., the percentage of error entailed in its 
measurement will be reduced to -Z of its amount when applied to the 
whole bottle. 

-The following figures illustrate the magnitude of the errors involved. 

The fluid in & was caused in each case to rise 20 mm. on the scale. 
The decrease in the total volume of the air space above it was 
20 x 0809 sq. mm. mm. The observed differences of pressure in the 
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limbs h and & of the manometer were 39°8, 39°8, 39°8, 40, 40, 398. 
Of these the 4th and 5th readings were discarded on the ground that 
the ‘fluids did not come back to their level when the process was 
reversed and the pressure removed. The reading taken was then 
39°83 mm. = p. The height of the barometer in mm. of clove oil was 
10,223 P. Then: 
VP=(V-—v)(P+p)= 
Vx 10,228 = (V —-20 x 0-809)(10,298 + 89-8) 
V,=4'17 
We next diminished the air space by removing the stopper 6, addin 
_ 1 ce. of water from a burette. This burette had a rather long nozzle 
which was slightly bent so as to pass beyond the orifice of the tube 
t. This is necessary, otherwise air may get caught in t. The water 
would now stand at y. A similar set of readings for the air space above 
now gave a difference of pressure of 52°7 mm. and an air space of 
3'15¢.c.= Vy. Another cubic centimeter of water was added, bringing 
the surface to z, the value of p was 767 mm. and V, 217 c. The volume 
of the original air space of the bottle and tubing was therefore 


Water Air Total 

1 26 0.0. + 417 29°17 0. 0. 
20 0.0. 8°15 29°15 0.6. 
27 o. o. + 
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The advantage of using a graphic method based upon the principles 
just described has been suggested to us by Dr G. C. Mathison. The 
following example of its use has been worked out on the apparatus used 


for the above determinations. 


‘The apparatus contained 25°1, 26°1 and 27°1 cc. of water in each of 
the series of determinations to be described. The values for v were 
successively 5, 10, 15, 20 and 25 A. The readings were as follows : 3 


(1) 25-1 0 0. of water in bottle 19. 


Readings Observed 
A 

90 90 0 0 0 

95 1063 5 102 0 10°2 

100 120°5 10 20•5 0 20°56 

105 136 81 0 81 

110 181˙5 20 41°5 0 41°5 
: 115 167 25 52 0 52 
_ (2). 26'1.¢.c. of water in bottle 19. 

80 80°5 0 5 5 
86 100-2 5 152 5 14-7 
90 in 10 31 5 80°5 
95 140 15 45 8 44°5 
159°5 20 59 
105 190 25 ‘BS 
27-1 of water in bottle 19. 

10682 18˙2 17˙7 
90 127 10 87 36 ˙5 

96 “151 15 56 55° 
100 176°5 20 75 ˙⁵ 75 


Should these readings be satisfactory those of each series will, if 


plotted with the change of volume horizontally and the change of 


pressure vertically, fall in a straight line. ee 
They are so plotted in Fig. 2. Horizontally is the figure given in 
column 3 above, vertically that in column 6. To find the value of the 
air space in any of the above cases is very simple. | 
It is stated above that A =-809 sq. mm., therefore a volume of 
20 cubic mm. of tubing corresponds to 24°7 A. If a true vertical line be 
ruled through the point corresponding to this value, the point at which 
it cuts , y and z respectively will give the pressures established in each 
case by a compression of 20 cubic mm.; to wit for # 51 mm., for y 72 mm., 
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ſor 96 mm. The barometer in this case Was 


. mm. 61 mm. + = 
g m. 72 mm. + += 
2 20¢mm., 96 m . + 


Mean 29-1200. 


The result of the graphic method, when compared with the mean of 
a number of readings for the same value of dp gives a final answer of 
29°12 cc. as against 29°17 c. There seems little doubt that the method 
gives readings which are correct to the third significant figure or one part 
in 300. It has the advantage of being quickly carried out, and of showing 
certain inaccuracies at a glance. For instance if the tubing of the 
manometer was not cylindrical the points would not be on a straight 
line. Such a fault might be due to lack of uniformity in the glass or 
to foreign matter on its surface. Again if the — was in- 
constant irregularities would occur. | 
Let us now consider the most probable source of error in this 
method. It is the accurate measurement of v. This depends upon the 
correct discharge of. 4, c.c. of clove oil when the meniscus is depressed 
from Fig. 16 to o; above we have shown that we can get consistent 
readlings, but not that they are accurately 1 cc. An error, if it 
occurred here would be the more serious because it would also appear 
in the factor A and therefore it would appear twice in ‘the equation. 
It would therefore be satisfactory to be able to determine V without a 
knowledge of v, or at all events to have some demonstration that v is 
accurate. | 
These objects can be attained, but before we pass to their discussion 
we must note that if o were wrongly determined, de, if it were say 
0-06 c.c. when we have assumed it to be 0°05 cc. the three determina- 
tions V calculated from V,, Vy and V, given above would differ from 
one another in such a way that we would get a regular series of 
apparent volumes instead of a constant value for V. An illustration of 
this may be taken from an unsatisfactory apparatus in which the tubing 
on the two sides differed in bore. The following were the apparent 
sizes of bottles 8 and 9 with varying quantities of water in the bottles. 
Quantity of water in each bottle 20 0.0. 21 0. o. 28 0. o. 25 6.0. 26 0.0. 


Apparent size of bottle 8 275 0.6. Wéec. Wee Wee. 
Apparent size of bottle 9 30˙8 B80°60.c. 80°l ox. 29°6 08. 
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As the amount of water in the bottles is increased, ic. as the air 
apace is diminished, bottle 8 appears to grow gradually larger and bottle 
9 gradually smaller. 

A similar apparent growth in bottle 8 could be accounted for by an 
error in the amount of water added between each set of observations, 
for instance if one added 9 c.c. when one supposed 1°0 c.c. was being 
- sdded. In that case the change in the size of bottle 9 would be in the 
same sense as that of bottle 8 and not, as above, in the opposite sense. 

To determine V without a knowledge of v we must take two of the 
above determinations, say those with 25 and 26 c.c. of water respectively, 
and from the equations relating the volume to the pressure taken 
simultaneously, eliminate v. Let the air space with 25 c.c, of water be 

V’ and with 26 cc. (V’—1) and the observed difference of pressure 
in the first case p and the second p“, the barometric oO 
before P, we get the following formula 


Taking the actual figures for p’ and p’ W 


— 527 (10267°8 
8637010360538 91058950 0267-8) 01 


Now since the difference between (P +p”) and (P + p’) amounts to 
about one in the fourth significant figure, they may be regarded as - 


in which case we get 


the two observations 


The observations given above from which the apparent sizes of bottles 
8 and 9 were deduced, have been treated by the method of simultaneous 
equations and compared successively with those given. The value of 
with 26 c.c. of water has been compared with that of p with the 
amounts of water given below with the following results: 


Quantity of water in bottle 20 0.0. Zicc. ec. 25 0. o. 
Apparent sise of bottles 298 0.0. 2-400. 29400. 29°38 0.0 
Apparent size of bottle 9 28°8 0.0. 20˙2 0.0. 29°0 0.0. 20 0 .c, 


Comparing this table with the previous one the results are much more 
uniform and probably the means of the above figures are pretty correct 
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The weak point of the method of simultaneous equations lies in the 


fact that the denominator of the fraction 5 consists in the difference 


between two sets of observations and therefore not only entails the 
errors of both but attaches them to a quantity which may be relatively — 
small, as in the example which we have given above. It is therefore 
more satisfactory to have somewhat larger differences, say of 50-100 mm, 
This error does not come into the method of determining V from a 
knowledge of d. The method of simultaneous equations may therefore 
be a useful check on the direct application of Boyle’s 7 we do not 
—" that it is more than this. 
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| and sction-currents of 
frog’s nerve. By F. OB. Ex.ison. : 


In considering the relation between the current of injury and the 
negative variation there are three possibilities to be considered. a 
Both electrical phenomena may be different in origin: both may be 
manifestations of the same; or the current of injury may be a mixed 
phenomenon, part injured and part excited being equivalent. 
The latter view has been held by Waller, the second by Macdonald 
and Gotch. | 
Some light may be thrown on the relation between them by some 
experiments on the action of cinchonamine hydrochloride upon frog’s 
nerve. The action of this substance on muscle has been already 
studied by Waller and Veley (Proc. of Physiol. Soc. Oct, 23rd, 1909). 
The action on nerve was studied by means of Waller's method, 
and the results of some of the experiments are given in the tt 
tables: — | 


900098 0°0025 
0»0184 0-00 
Controls in N/8 NaCl only (mean of three). 

Before immersion 00097 00091 


After 0°0101 
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4 PROCEEDINGS OF THE PHYSIOLOGIOAL 
The nerves were immersed for from 20—40 minutes in a N/100 


solution of cinchonamine hydrochloride in N/8 NaCl . of four 
experiments). 


Local action of N/100 cinchonamine hydrochloride (mean of t three 
experiments). . | 
The drug was applied locally to the injured end by soaking a small 
tuft of cotton in the solution and laying it on the nerve. The solution 
was kept from creeping along the nerve by vaseline. poet 4 


Control nerve in 
Nerve under investigation cinchonamine h 
current variation current variation — 
8 

Before 0-0081 0-0087 00101 0-0047 
After | 00 0-0056 0-0 
Fresh injury, 
0-0177 00063 0-220 0-0 


Aotion of N/100 cinchonamine hydrochloride on and 
conductivity of frog's nerve. 
A gastrocnemius-sciatic preparation was made and the nerve thereof 
immersed in the solution for an hour. On stimulating the nerve any- 
where with single make or break induction shocks applied through 
platinum electrodes, a muscular contraction was readily obtained. i 
The nerve was then cut close to the muscle, the cut end crushed — 
and action- and injury currents measured by Waller’s method. Result 


Injury current Negative variation 
0-0186 volt. 0-0 volt. 


injury-currents and on their nature are: 
(a) The abolition of action-current enen by an increase of 
injury response. | 
(8) The increase of injury response with increase of negative 
variation when the drug was only applied to the injured end. : 
(y) The possibility of obtaining a a variation greater than 
the whole injury-current. 
(8) The possibility of a nervous impulse being r by 
any negative variation. 
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“adden death under light chloroform ‘anaesthesia. ‘By 
A. G. Levy. 
(Preliminary Communication.) 
| From the Research Laboratories of the Medical School, — 
University College Hospital. : 


The sudden death of animals under properly established chloroform 
antesthesia is a comparatively rare event, but I have had experience of 
nine cases of this kind in cats in the course of experiments in which 
the blood-pressure was being observed. 
These deaths occurred very suddenly, but I was fortunate in 
1 two complete tracings in which both respiration and blood- 
pressure were being recorded at the moment of the event. There is 
however sufficient evidence from the remaining incomplete records to 
show that the cases resemble one. another in important particulars. 
The animals were all efficiently anzesthetised, but the anzsthesia was 
i of a comparatively light description, the percentage of vapour adminis- 
cdtered ranging from 0˙5 %% up to 15 /. The heart failure was absolutely 
og sudden, the blood-pressure falling precipitately without evidence of 
heart beats, and although an attempt at recovery might occur, especially 
when the experiment was being conducted under artificial respiration, 
the heart ultimately failed again in an exactly similar fashion. It is as 
a rule impossible to restore these animals to life, but in one other case, 
after an apparently similar fall of pressure, the heart did spontaneously 
and permanently recover following the. re-establishment * natura! 
respiration. | 
The blood-pressure tracing which immediately precedes the collapse 
is uniform in character, the pressure being, for chloroform anzsthesia, 
high or fairly high, 89 mm. being the lowest and 180 mm. the highest 
recorded, and there is generally some evidence of a slight preterminal 
rise. The heart beat is always rapid, from 250 to 300 per minute, the 
a individual beats being small in amplitude, and as registered by. the 
3 mercury manometer, frequently wholly or partially indistinguishable. 
T be mean pressure shows frequent small and irregular fluctuations 
4 which have no relation to respiratory movements, and is often oompli- 
cated by occasional rapid small dips of pressure. This form of tracing 
is not uncommon in cats under light chloroform anwsthesia and is 
illustrated in Fig. 1. : : 
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The respiratory tracing when recorded, showed, after the heart : 
had stopped, a few powerful convulsive gasps, and finally ceased, in 
one case in 12” and in another in 18”. The respiration was always 
subject to either or from, artificial means. 


Fig. 1. Blood · pressure tracing of cat under light chlorof sthesia ae 
respiratory 


. Time ‘marked in seconds. „F. 


Mustrative Cases. : 


A vigorous cat was kept anssthetised 12 1 
with b. p. 150 mm. Hg. Ligature of both carotids caused a rise of 
18 mm., pulse rate 276 per minute. On reducing the chloroform to 
05 % the pressure rose to 180 mm. and then the manometer float was 
seen to fall suddenly to zero, the kymograph not recording at the 
moment. . The breathing ceased shortly after the fall of pressure, but 
recovered under artificial respiration. The heart beat could not be 
restored. The chloroform was administered on the “ad Plenum g 
system, without tracheotomy. 

2. Artificial respiration. Perflation of lungs with 0:3 77. CHOI, 
One vagus cut. Stimulation of median nerve caused a slight rise of 
blood-pressure (highest point 110 mm. Hg) followed by a sudden 
profound fall, There was after an interval a sustained effort at 
recovery followed by a second sudden and permanent fall. The 
artificial respiration was continued until the end. eee 

3. A vigorous cat was slowly anwsthetised by chloroform on a 
mask, it was then tracheotomised, and anesthesia maintained by 
percentage chloroform administration by the “ad plenum” method. 
The animal was never at any time deeply under, the corneal reflex 
being active up to the end. Chloroform 2°/, was given for a short 
period and then a rubber bag containing 1°5 / CHCl, was attached 

to the trachea tube, This was followed by sudden heart failure 55” 
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* later, succeeded in another 18“ by cessation of respiration (see Fig. 2). 

a Bp just before death - 137 mm. The contents of the bag at the 

moment of death were analysed and found to contain 1'17 / CO, and 


202 % O, The procedure is given in full, but it does not — to 


Fig. 2. Tracing illustrating sudden death, Oase No. 8. Read from right to left. The 


3 Artificial e Both vagi cut. Sudden death followed 
a rise of pressure subsequent to the administration of CO,. Chloroform 
at the moment of death 12 %. Highest b. p. 108 mm. Hg. 

Proſessor Cushny kindly ‘inspected some of my records, and acting 
on his suggestion, I sought for fibrillation of the ventricles in subse- 
quent cases. In each of these, three in number, I found the ventricles 
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dilated and fibrillating, with complete absence of pulsation. The 
arene were pulsating feebly and continued to do so for some time. 
The impression I gained from a review of all the cases was that the 
heart under light chloroform administration, may become incapable of 
accommodation to vascular strain, and this view has received some 
confirmation from the results of the intravenous injection of adrenalin 
chloride, this proving almost invariably fatal from sudden heart failure 
when the anssthesia was of a light description (Fig. 3 B). The tracing 
is remarkably similar to those of the spontaneous deaths previously 
described, the respiration ceasing however somewhat later. 


— 135 m. W. 


— /00 mim. 


Fig. 8. Intravenous injection of 0-03 mgm. Takamine at the signal marks A and B. 
During the gap in the tracing 0°5°/, chloroform was administered. The heart beats 
7 0. R. = cornéal reflex. 


— 


Details of Experiments. Adrenalin chloride was the 
saphenous vein when the chloroform was at 1 or less, and the corneal — 
reflex active. The dose of adrenalin generally given was 0°03 mgm. 
in a 1m. 20,000 dilution. In thirteen cats out of fifteen sudden 
collapse followed the rise of blood-pressure. In one case the heart 
recovered permanently, and in one other it recommenced to beat whilst 
the chest was being opened. In all other casés the breathing was 

| restored but not the heart. In every ease of death the ventricles were 
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dilated. and fibrillating, the auricles still pulsating. When the cheat : 


was opened immediately after death the auricles also might be seen 


fibrillating but soon recovering a regular beat. 
Section of both vagi together with the 8 injection . of 


0-065 mgm. of atropine sulphate did not protect against death. Full 


chloroform anesthesia appears to be absolutely protective. (Fig. 3 A.) 
I have not so far succeeded in obtaining this reaction under ether 
anesthesia either light or deep. 


It is evident that the presence of some such special factor as light 


ee anssthesia is essential for the production of sudden collapse 
from adrenalin, for the previously recorded instances are astonishingly 
few. Oliver and Schafer’ met with a single case only in a dog 
under chloroform, atropine, and morphia, and noted that the heart 
passed into a state of fibrillary contraction. Elliott? had a few 
mishaps of this nature in dogs, the anwsthetic not being specifically 
mentioned. I have not met with any previous record of such an 
occufrence in the cat. It would appear therefore that the condition 
of the heart under the influence of 285 — 285 chloroform 


requires investigation. 


The “heat coagulation ” of protein By wu Suma. 
LAND, 

In their paper on this . H. Chick and C. J. Martin’ find 
that the coagulation of hsemoglobin proceeds according to the simple 


formula 
log o- log (I) 


von o denotes concentration of the 8 in its solution at time 
t, o being the initial value at time O. To interpret this result they 


consider that water splits off hematin from hemoglobin, the residue 


forming the insoluble coagulated protein: But in the case of crystallised 
egg albumin they do not get any equation like (1) to express each of 
their seven curves for its rate of coagulation at one temperature and 
different acidities, or their four curves at different temperatures and 


one acidity. In view of the importance of (1) having been established 


for the rate of coagulation of hemoglobin it seemed to me . — 
to: 7 the law of these curves formulated. It is 


ene seat p * Journ. of Physiol, xxx. p. 410. 
Journ. of Physiol. X. p. 404. 1910. ase 
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In the case of the seven solutions of 0°99 /, erystalline egg albumin at 
69° O. the solutions are named by means of the number of a. of AmOH, 
N/10, added per gram of protein of the original. stock solution to 


vary its acidity. In the following table the first row contains the name 


of the. solution thus defined, and the second the value of 10° times & in 

(2), o and c, being expressed in milligrammes of albumin per d., 80 

that 1/, is 0°101 throughout. 

of AmOH, N/10, protein 0 858 401 481 

1800 530 150 78 80 30 
Experiment 1 2 8 4 5 7 


To illustrate the manner in which (2) applies to the experiments 
the following comparisons are given for the sets of experiments marked 
1, 3, 5 and 7. — 


Tine, minutes 8 10 1 126 16 

100 exp. 574 444 404 35655 200 7 1 

calc. 488 488 411 879 
Time, minutes 10 20 40 81 180 887 

100 exp. 859 780 590 442 3858 1 

1000 cale. 766 61 440 807 166) 

Time, minutes 10 80 860 120 41 420 

1006 exp. 946 885 716 573 4 2899 1097“ 8 

1006 cale. 985 840 780 678 407 288 217 

Time, minutes 10 8 180 360 741 1448 
exp. 97 786 57 48 299 12 7 

1000 calc. 956 760 60S 485 272 161 

In Experiment 1 the discrepancies between the calculated and 


experimental values of 100¢ seem large, but Chick and Martin state 
that the reaction rate in the most acid condition (Exp. 1) was 80 rapid 
as to make the observations only just possible, whereas the experiment 
with neutral solution occupied 12 hours. The other marked discrepancy 
is that at 150 minutes and 337 minutes in Exp. 3. This is the only 
case where two successive experimental observations lie altogether in 
the same way off the straight line given by (2) when ¢ is abscissa and 
1/c ordinate. It may be mentioned that all the values of k except that 
for Exp. 1 stand in nearly the same ratio to one another as the average 
velocity of reaction estimated by Chick and Martin without reference 
to any formula, and the reason for considerable uncertainty in Exp. 1 
has already been stated. | 

We must now discuss the relation of the value of & to the acidity of 
the solution. Let h denute the concentration of the hydrogen ions, that 
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of normal. solution (N) being 1, of Chick and 


Martin’ s paper, then 
x 10% + 8) r 


as s the following. comparison shows: 


 Eixperiment 1 2 
10h 2510 500 200 32 16 8 4 
10°k 1300 80 150 75 60 50 36 
52 x 10h +58 16 816 157 70 61 7 55 


The only marked discrepancy between the two series of ae 
occurs in Exp. 7, where the conditions favoured an accurate experimental 
result. But on the whole (3) is well established, and makes & consist 
of two parts, one a constant, probably characteristic of the albumin in 
association with water, and the other proportional to the acidity, that is 


to the concentration of the hydrogen ions. Let us now formulate the 


three chief conclusions derived from the experiments of Chick * 
* Differentiate equations (1) and (2), then : 


for crystalline egg albumin ( 

That is to say, in the heat coagulation of hemoglobin, the rate is 
proportional to the concentration of the hemoglobin, and in the heat 
coagulation of crystalline egg albumin the rate is proportional to the 
square of the concentration of the egg albumin and also to another 
factor consisting of two parts, one constant and the other proportional 


to the concentration of the hydrogen ions. Here we have to do with 
two of the simplest types of mass action. According to Chick and 


Martin's interpretation of the case of hemoglobin the hematin is 


split off by the chief reaction and the protein residues run together so 


comparatively rapidly as to get themselves out of the way immediately 


without complicating the chief reaction, which runs its course in 
proportion to the concentration of the unchanged hemoglobin at any 
instant. In terms of the theory of colloids which I have proposed I 
would express the conclusion of Chick and Martin in the following 
way. The equilibrium of a certain number of the hemoglobin molecules 
in solution becoming unstable, hematin detaches itself from these 
molecules, leaving residues, which on account of the rupture have here 
‘and there charged atoms or radicals attached to them, like atoms or 
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radicals in the nascent state. If the hematin closes up to awelectrically 


neutral molecule, then the protein residue must have as many positive 
as negative electrons attached to its surface at points which become the 
electric analogues of magnetic poles. The act of coagulation in homo- 
globin I take to be the coalescence of these protein residues, the 
positive electron of one linking it to another through its negative 
electron, the polar electric fields linking up into closed circuits as do 


the magnetic fields of iron filings when they cohere in a magnetic field. 
In the case of hemoglobin this linking up of molecular electric fields 


into the closed ‘circuits of the coagulum proceeds so rapidly that the 


electrically charged residues are unable to complicate the reaction, 
which then proceeds according to the mimple law discovered by Chick 


and Martin. 


Tue case of crystalline egg albumin is not quite so simple, but 
nearly. We may suppose the unstable equilibrium to cause a break in 
the closed fields of electric force of the molecule, for example one of the 


“internal salt structures may break as if ionisation were occurring, in 
which case the molecule would have both a positive and a negative ion 
attached to it. These molecules now react, the positive electron of one 
uniting it to another through its negative electron, so that the molecules 
are formed into Chains, If a molecule has more than one pair of 
electrons in action, there will be cross connections between the chains. 
The formation of chains is coagulation in this case. But negative 
electron does not seem to find its partner positive electron so easily as 
in the case of hemoglobin. The molecules with their opposite electrons, 
which I have proposed to call stions, persist long enough to alter the 


type of reaction, one molecule must present its positive electron to the 


negative electron of a neighbour in the right position for permanent 
chemical union. In that case the velocity of reaction will be proportional 
to the number of positive electrons available and likewise to the 


number of negative, so that it will be proportional to the square of the 


concentration of the stions at any instant. But if the conversion of 


molecules into stions proceeds comparatively rapidly enough the con- 


centration of the stions will be kept proportional to the concentration of 
the egg albumin. Thus the rate of coagulation is proportional to the 


square of the concentration of the egg albumin. Apart from the 


complication of varying acidity the velocity of reaction at a given 
temperature is constant, from this point of view. Then from the 
experiments we get the important result that this constant velocity is 
increased by slight acidity by an amount proportional to the con- 
centration of the hydrogen ions. As we have encountered the two 
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forms ke and ke* here, I may mention that in The Chemistry of 
Globulin! while discussing Mellanby's experimental work I found 
evidence of a reaction in which the velocity for concentration o of — 
globulin in presence of neutral salt and acid is expressed by the form 
ke’. From the experiments of Chick and Martin on crystalline egg 
albumin at different temperatures se one acidity I have found 
values of 10%: 
Temp.<. 69 76˙3 
10 36 130 420 2400 

These correspond with the values of the average velocities of coagula- 
tion used by Chick and Martin without reference to any formula. In 
connection with the similar results for hemoglobin they are of funda- 
mental importance in the investigation of the molecular instability 
producing coagulation, which is * a ae type of the provein 
— utilised i in life. 


The action of serum of mice 
inooulated with malignant mouse tumour 
MACKENZIE. 


In previous communicationsa) made in conjunction with Dr O. 
Rosenheim we noted that serum, although not possessing any fat- 
splitting (lipoclastic) action by itself, nevertheless inereases the 
of pancreatic lipase. 

In cases of carcinoma in the 8 subject and in certain patho- 
logical conditions, however, we made the observation that this reaction 
of the serum was increased in a remarkable way; whilst cholesterin 
exerted in all cases an inhibitory influence: 

The present observations refer to the action of serum (1) of normal 
mice; (2) of mice which have been inoculated with mouse tumour and 
presenting progressive growths; (3) of mice which have recovered 
spontaneously from large growths; (4) of mice which have proved 
negative to inoculation with mouse tumour; (5) of mice which it is 
assumed have been rendered immune to subsequent inoculation with 
mouse tumour by previous injection with normal mouse-tissue emul- 
sions; and (6) of mice which have been injected subcutaneously with 
some animal tissue extracts and substances. 

Details of technique have been published already. Briefly, it may 
be explained that the lipoclastic action is estimated by the amount of 


Proe. Roy. Soc. B, p. 180, 1907. 
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decinormal potash used for the neutralisation of the fatty acids set free 
by ‘pancreatic lipase acting on olive oil emulsion; the mixture being 
incubated at a — of — fora certain time, evenly 18 
hours. 

Taking now . mouse serum, the 1 table gives the 
results in a typical case; 0°7 c.. of glycerin extract of pancreas with: 


water, in the proportion of 1-2 and 2˙5 c.c. of olive oil emulsion were 


mixed, and after incubation the amount of acid liberated was estimated. 


‘TABLE L — 


05 „ ‘ons 10-1 +40 


| In aged mice the figures appeared to be somewhat less, whilst in 


well-fed healthy mice, of average weight (16-17 grammes), the figures 
are somewhat higher, with an acceleration of 50 to 5°5 for 0˙5 cc. . 
added serum. 

The following tables summarise the results, when in a similar way 
the action of the serum was iuvestigated under i various 1 8 
specified above. 


These figures show the comely increased acceleration which occurs 


with che serum of malignant mice. 7 
TABLE n. — of mie with 
01 0. a. 
0 „ 

+16, 
TABLE 


8 
Modules present: %% 
0°26 „ 
05 ty ‘ 4141 


In ve list two results were obtained which at first sight appear to 55 


* contradictory, but which are — — if the circum- 
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In the first bet (a) the serum réaction hed returned apparently to 
normal; in the second set (ö) the reaction was high and similar to that 
in mice with tumour growths, 
| explanation it may be noted. that in.the first set the time which 


a had elapsed since recovery was not known, and the reaction may have 
= off in process of time. Examination of the serum in mice 


a definitely known to have long recovered has not been performed as yet. 
= In the second set, though the mice had apparently recovered, it was 
found on post mortem examination that small nodules or diminished 
tumours still existed, subcutaneously, at the site of inoculation. 


TABLE IV. J —_—. to 
inoeulation with mouse tumour. 


Serum added Acceleration. 
(a) Time factor (?) O1 110 
0˙5 „ ＋11˙6 
() 2§ months elapsed 0-1 — 
0-25 „ 141 
„ +63 


Two results were obtained “ee also, and the surprising observation 
made that increased acceleration occurred in such cases. 

In the first set (a) the figures are the same, practically, as in mice 
with tumour growths. | 

In the second set (b) the figures showed an increase over the normal 
a but not reaching the high figures i in the former. 
In the first set the time since inoculation which proved negative 
. was not noted, and examination of early negatives has not been made 
at present. 
a In the second set a known period of 2} months had elapsed, and the 
reduced * suggest that the reaction was passing off. 


V. Immunisation. 


: Serum added Acceleration 
‘Sp 0˙1 0. o. +54 
Spleen 
0-6 +116 

: 025 „ + 

05 „ +18°7 
: Testis 01 66. $89 
0-25 „ +55 
D5 „ +87 
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_ Immunisation. Various observers have demonstrated the fact that 
if an injection of certain normal mouse tissues has previously been made, 
the mice are rendered immune, absolutely, or in some degree, to subse- 
quent inoculation with mouse tumour. Examination of the serum in 
regard to the lipoclastic reaction, therefore, after injection of some of the 
tissues which confer immunity, is of special interest. . 

Mouse spleen, liver, and testis emulsion ha ve been used, so far, 3 an 
oceurred in — (See — 


Serum added , Acceleration 
+42 
(b) ‘Ane 8 days 0-1 
0°25 „ +82 
0-5 +119 
Bod, oleaté,0°8 9%: | | | 
(a) “After 24 hours 0˙1 0.6. +19 
— 
| 05 „ „ 
(b) After 8 days 0-1 0.6. 
(a) After 24 hours 01 ee. 35 
After 3 days Olee 
9025 ” +71 
05 „ +108 
Lipase™ residue 1% 1-4 HO: . 
(a) After 24 hours e. o. 
„ +2°5 
(d) „ 147 
0-25 „ +73 
05 ,, +1065 
— white of gg: 
91 ee. +35 
0°25 „ 
05 „ +101 


Acid meta protsin trom rabbit's musele : 
5 yy +119 
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VI (continued). 


Amer 8 days 
7 „ 
Boiled protein from white of egg: 
After 8 days 01 C 491 


Onolesterin: (inhibitory) 
After 8 days | 
(One experiment „ +22 
05 „ 
Table VI shows the results obtained from serum of mice . 
subcutaneously with animal tissue extracts and substances. 

Although dosage has not been pushed to the full, it will be seen that 
acceleration in such instances is marked. How far immunisation is 

achieved by these means has not as yet been investigated. 
An important feature was brought to light, namely that the time 


factor is of importance. Whilst no result or even a decrease was 


observed on examination of the serum 24 hours after injection, the 
acceleration was evident on examination after 3 days. It would appear 
thus that there is a negative and positive phase for — other 
than bacterial vaccines. 

It may be further stated that i in inoculated mouse tumour ie for 
animal tissues and extracts, in which the lipoclastic increased accelera- 
tion was observed, an increased antitryptic action of the serum was also 
obtained. 

Further inquiries are in progress into the effects. ok hd ean 
stances; and of the various proteins of different tissues or of the tumour 
growth itself 

Conclusions. The facts that the lipoclastic acceleration of the serum 
in (1) the various phases of tumour inoculation and growth in mice; 
(2) in cases of spontaneous recovery ; (3) in mice “ negative” to inocula- 
tion; and (4) in animals presumably rendered immune to inoculation 
by certain mouse tissues, suggest that lipoclastic acceleration is one 
factor in the natural defensive or protective processes of the body and 
in the induced resistance or immunisation to inoculated tumour in mice. 

In continued examination of the serum from blood in cases of 


malignant disease in the human subject, I have at present results in two 


cases in which examination of the serum was made after recovery. 
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These results coincide with those in mice. In both cases, one of 
recurrent carcinoma and the other of inoperable sarcoma, recovery was 
apparently complete, and the lipoclastic acceleration continued to exist 
after four years in the first case and three years in the second. 

| Lipoclastic acceleration is, however, not specific to cancer, but is 
found also in other pathological conditions. * 

I would take this opportunity of expressing my grateful thanks to 
Professor Halliburton for the facilities he has afforded me for this work 
in the Physiological Laboratory of — s College, and for his — 5 
help and | 


2 

— 2 
— 


REFERENCES. 


On pancreatia lipase. I. 
their inhibition by cholesterin. (2) On pancreatic lipase, II. The action of serum on 
pancreatic lipase, By O. Rosenheim and J. A. Shaw-Mackenzie. Journal of 
Physiology, Vol. xu. (from the Proceedings of the Physiological Society, Feb. 19, 1910). 
(3) A lipoclastic accelerating action of serum as an index in pathological conditions, By 
J. A. Shaw-Mackenzie and O. Rosenheim. Proceedings of the Royal Society of 
Medicine. April, 1910. 
(2) On pancreatic lipase. m. The separation of lipase from its coenzyme. By 
O0. Rosenheim. Journal of Physiology, RTW 
Feb. 


| The ute of non-polarisable electrodes. By F. O’B, Exzison. 


Finding it necessary for some experiments to leave frog’s nerve 
upon non-polarisable electrodes for long periods, the following estima- 
tion was made to determine how long such electrodes remain in good 
condition and without destructive action on living tissues. In other 
words, how long does it take the ZnSO, to diffuse out through the 
normal-saline-kaolin plug of the electrode? The electrodes used were 
of Burdon-Sanderson’s pattern, and the tests employed as follows :— 

Fresh electrodes were made, and a piece of the kaolin each day was 
removed and tested chemically for Zn with ammonium sulphydrate and 
for sulphate with barium chloride and hydrochloric acid. As a result of 
eight experiments, taking the mean, it seems that the effective “life” _ 
- a e electrode of this pattern is about 48 hours at least 


Tested for Zn and 80, after 24 hours=no ppt. 
* 48 „ no ppt, 
” ” 2 „ = faint ppt. 
” ” 96 considerable ppt. 
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A method for determining the total repiratory exchange 
in man. By C. Gorpon DovuG.as. 


In this method the whole of the expired air is collected over a short 
period, The subject breathes through a mouthpiece connected with 
inspiratory and expiratory valves. The expired air is directed along 
a rubber pipe of large calibre which passes over the head, the further 
end being connected with a wedge-shaped gas bag made of twill lined 
with vulcanised rubber which holds about 50 litres. The gas bag i is 
supported on a triangular wooden frame to prevent it from sagging, 
and is carried on the back in the manner of a ‘rucksac’ by means of 


two straps passing over the shoulders. Interposed between the end 


of the rubber pipe and the bag is a brass three-way tap of large bore, 
in order that the subject may breathe through to air or into the bag 
at will. A metal framework is worn on the head in order to keep the 
rubber pipe in position, and to bear the greater part of the weight of 


the valves. 


In making an experiment the subject breathes for a sufficient time 
through to air to ensure his being in respiratory equilibrium under the 


particular experimental conditions chosen, and the tap is then turned so 


that the expired air accumulates for a definite period in the bag. After 

closing the tap the apparatus is removed from the subject, and the 

rubber pipe disconnected from the expiratory valve and attached to a 

gas meter. The gas is then thoroughly mixed by repeated pressure on 

the bag, the tap turned, and whilst the gas is being measured in the 

meter a sample for analysis is taken off from the rubber pipe. In 
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performing the experiment under resting conditions the bag | may of 


course be placed on ‘any convenient support. 


The gas bag must be carefully examined to see that the rate of 
diffusion of the gases through its walls is negligible. Both before and 


after the experiment the bag is emptied by rolling it up and pressing 


on it. The residual air left may be estimated and allowed for. It is 


however simpler to fill the bag with expired air at the start before 


emptying it, for then, as the composition of the residual air in the bag 


will be much the same both at the start and at the end of the 
experiment, no appreciable error will arise. 


Sway 


. The advantages of the method are the lightness of the apparatus 
and its portability, the ease of adjusting it to the subject, and the fact 
pee . — eee can be done by the subject himself 
without external help. The method is equally adapted for determining 
the total respiratory exchange during rest and cae conditions of even 
violent muscular work, such as running, and is particularly suitable for : 
the examination of clinical cases, Different sizes of gas bags may be 
used to suit the required duration of the experiment. 
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Dissociation of and hibernating 
dormice. (Abstract. ) By F. Buchanan, 


“The facts relating to one dormouse chine 1 hibernation re- 
corded in my communication of last July, have been confirmed in four 
others (all that have been investigated) and the observations extended 
to stages of greater torpidity. Calling the electrical changes which 
obviously relate to the ventricles “v,” those which obviously relate to 
the auricles (te. which occur at a definite time-interval before each 
v-effect in a series) “a,” and those which occur as an independent series 
4b,“ the behaviour of the latter suggests that each b-effect represents 
the electrical counterpart of an extrasystole either of both auricles 
or of the left auricle only, provided that no other structures than the 


auricles and ventricles of the heart are capable of producing distinct 


electric fields appearing and disappearing at more or less regular in- 
tervals of time. The b-effect may be simple and like the a-effect 
(Einthoven’s P) but is more frequently of a much longer duration, 


sometimes having the appearance of two or three simple effects re- 


curring in quick succession. The difference of potential is always 


considerably less than that of a v-effect (4 to I of it), the duration often 


three or four times as long. 

When the animal is very torpid, showing no sign of 1 
movements for several consecutive minutes and having a pulse- frequency 
of from 12 to 30 a minute, the records show nothing but v-effects (in 


balf- minute samples) recurring at irregular intervals, the more irregular 


the lower their frequency. The ventricular effects so often indicate that 
the succession of events is slow that it is difficult to conceive that 
auricular effects would not also manifest themselves did they exist, and 


the records obtained when the v-effects have become somewhat more 


frequent, and more regular, lend support to the view that when the 


animal is in its deepest sleep it is the ventricles only that are beating. 


For when the v-frequency has come to be about 40 a minute there 
appear at quite irregular intervals, most of them much longer than the 
v-intervals, well-marked b-effects each of long duration. These gradually 
increase in frequency and in regularity. Usually before the v-fre- 


quency has become 100 a minute, the b-frequency has overtaken it, 
bat < on more than one occasion and with 3 dormice the ventricles 
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were not overtaken until their frequency was nearly 300 a minute. 
When once the }-frequency is in advance it never falls behind again 
for more than a few beats at a time. The b-series is less regular than 
the v-series until it has overtaken it, but while being overtaken the 
v-series is apt to become irregular, one or more v-effects being dropped 
here and there while the b-effects continue, giving the records the 
familiar in cases of complete heart-block produced by vagus 
stimulation in other mammals, Even when the two series are nearly 
at the same rate they are usually absolutely independent of one another, 
now the one alone, now the other being accelerated or retarded for a 
few seconds. Occasionally however the b-series seems to be arrested 
by the v-series and brought into unison with it for a time, the auricular 
effects immediately following the ventricular for several seconds, then 
the b-effect getting in front of the u, the b—v interval increasing rapidly 
in the next few beats until the b-effect again immediately follows a 
v-effect, when its rate is once more reduced to that of the v-series. | 
The respiratory movements are sometimes slower than either the 
v or the b-effects, sometimes of about the same frequency as either the 
one or the other until these approach 200 a minute. When the breath- 
ing is of the Cheyne-Stokes type the b-effects are absent during each 
period of apnosa, apparently disappearing just before the apnoea begins, 
and reappearing just before the breathing begins. If simultaneous 
records of the respiratory movements can be taken and they confirm 
this, it would suggest that it is those changes in the blood which are 
known to affect the respiratory centre which are first directly or in- 
directly responsible for the presence or absence of the auricular extra- 
systoles presumably represented by the b-effects. I use the word 
“ extrasystole in reference to these because I have found no evidence 
of their influencing at any time the ventricular frequency, and because 
other effects which appear to be the counterparts of ordinary auricular 
systoles may occur side by side with them. These a-effects only began 
to be visible as the season advanced or perhaps as the number of times 
the animal was roused from hibernation increased. They do not at first 
always occur regularly before each v-effect and I have not hitherto seen 
them with any v-frequency lower than 58 a minute. The a—v interval 
is then long, about 0° sec., shortening to about 0°12 sec. as the ) 
v-frequency rises towards 150, Owing to the difficulty in following 
them as everything quickens I have not yet been able to trace their 
final relations to the b-effects. | : 1 
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The frequency of the heart-beat in bats and hedgehogs 


and the ocourrence of heart-block in bats. By F. BucHANAN. 


Bats. 
Electrocardiograms taken during the winter of bate of two different 


genera, awake and warm, with ear (or in Pl. auritus ear-cover) and hind- 


leg connected with the two terminals of the capillary electrometer, 
showed that the frequency of the ventricular beat was most irregular, e.g. 
the number of v-intervals in 11 successive seconds was on one occasion : 
10°5, 10°3, 11°5, 11, 9°2, 8'7, 10°2, 11°8, 10°8, 12, indicating frequencies 


varying between 508 and 720 a minute (N. pipistrellue B.). 


In this mild winter it has been difficult to get any of these bats 
to hibernate properly, i.e. although they have often become quite cold to 
the touch they have not gone to sleep and have even while cold dis- 
played considerable ingenuity in setting themselves free. 

Plecotus auritus, 9°4 grms. Pulse frequency when awake and warm 
varying during December from 600 to 900 a minute. In January, once 
after one night of frost and once after four nights, records were taken 
at intervals of a few minutes for 1 or 14 hours with the animal cold and 
fairly quiet but with its eyes open and moving its wings every now and 
then. Both a- and v-effects manifested themselves in all, their frequency 
at the beginning of each morning being 76-77 a minute. On the first 
occasion it increased to 145 in 1 hr. and to 182 a minute in 1} hrs., the 
a—v interval having been reduced from 0:22 to 0°13 in 1 hr. and to 
0095 in 14 hrs, There was no indication of a heart-block. On the 
second occasion after the longer exposure to cold the frequency of the 


v effects increased much more slowly, though the morning after the four 


nights of frost was warm. It only went up to 89 in 1 hr. The a—v 
interval, however, was reduced as much as before, though it was not 
very regular: it varied between 0°22 and 0°25 sec. at first, and an 
hour later was 0:13 or 0°14 sec. The last record taken showed a second 
series of effects similar to the a-effects, one occurring between each two 


a-effects but not half way between them. I take these to be also 


counterparts of auricular systoles whether they belong to the same 
series as the others or not. If they do we should have here a case of 
2:1 heart-block. The actual intervals between the effects, when this 
record was taken were: for the ventricles, 67, 68, 68, 67, 67, 68, 68, 67, 
hundredths of a second; for the auricles, 31, 36, 67, 32, 35, 33, 35, 33, 
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34, 67, 27, 40, 25, 42. The bat died a fortnight later on the first night — 


of another frost. | | 
Nannugo pipistrellus, two specimens (A and H). 4, 43 grms. 


Pulse-frequency during December, when awake and warm, varying 


within an hour from 100 to 800 a minute or from 230 to 972 on different 
occasions. On the second occasion the prevailing frequency was about 
660 a minute. The v-effects were extremely brief and no a- effects 
manifested themselves at all in any of the records taken with this bat, 
with one exception in which the focus was exceptionally good. In this 


an a- effect occurred regularly before each alternate v-effect, the a- 


intervals varying however between 0°02 and 0°08 sec., the v—v interval 
being 0:143 sec. indicating a frequency of 420 a minute. 

B (41 grms.) after exposure for 24 and 48 hrs. respectively to artificial 
cold became itself cold to the touch but was extremely active even with 
a pulse-frequency no more than 30a minute. Records obtained when the 
voluntary movements of the bat were not exerting a disturbing influence 
showed no sign of other than v-effects when the frequency of these was 
under 30 a minute. With higher frequencies other and smaller effects 
occurred sporadically, and in one record in which the v-frequency varied 
from 175 to 150 a minute during 8 seconds, these other effects varied 
‘in frequency during the same time from 210 to ” to 210 to 270 a 
minute. 

Fragmentary as these observations are they serve to show that 
evidence of heart-block, complete or incomplete, is mes to. * forth 


oh hedgehog, weighing 520 grms., awake and warm, bad a pulse 


F varying between 280 and 320 a minute. It was very fairly 
regular. 

Another hedgehog when cold but breathing and in a not very sound 
‘sleep had one of 48 a minute, rising in half an hour to 70 a minute. 

Owing to the difficulty in making a good contact with the skin 
the v-effects only just manifested themselves in the electrocardiograms 
and one can infer nothing from the fact that no one excursions of 
the meniscus were visible. 
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If a definite portion of 3 be isolated it will appear mono- 
: chromatic, the size of the monochromatic region varying with the colour 
. perception of the observer. Lord Rayleigh has expressed the opinion 


2 


* that he can discriminate. between the colours in a monochromatic 
. region even to the extent of distinguishing between the colours of the 


oe two D lines. I do not find this possible when special precautions are 

1 taken to have a very pure spectrum and also to avoid the physiological 
: - effect of contrast through varying intensities of the areas to be compared. 

The monochromatic area may be magnified without altering its mono- 

- chromatic appearance; the intensity of the light source being increased 
to. compensate for the diminished luminosity. The monochromatic 
area may also be examined by a double image prism or be projected 
by means of a double image prism upon a screen so that the violet side 
of one area be adjacent to and just touches the red side of the other 

area. In this way the monochromatic areas may be made as large as 
desired, the intensity of the source of light being increased as required. 

An are light gives two very bright areas of colour. This method is the 

most favourable for the detection of any difference; the monochromatic 

areas however still remain monochromatic. 


1 Proc. of the Royal Soc., Dec. 3910, 
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The action of salts on the neural and non-neural region of ; 


muscle. By J. N. LANGLEY. 


In the sartorius and in various other muscles of the frog, nicotine 


001 to 1 po. causes a slow but transient contraction which is confined — 


to the neural region of the muscle; this contraction is prevented by 
placing the muscle for 15-30 secs. in 001 p.c. curari’. It is known 


(Ringer, Zoethout and others) that K salts cause a slow muscular oon- 


traction of variable duration and that this contraction is not appreciably 
affected by an amount of curari sufficient to abolish indirect irritability 
| (Zenneck, Bottazzi, Mines and others). In order to test the action of 


curari further, I have taken tracings of the contraction caused by KCI 


in the sartorius after treatment with various strengths of curari up to 
2 po, the muscle of the opposite side being placed in Ringer's fluid for 


an equal time and used as a control, In no case does curari abolish or 


largely reduce the K contraction. The two curves usually differ slightly, 
but the differences are probably due to slight differences in the muscles 
of the two sides and to the salts which curari contains An example 
of nearly similar curves is given in Fig. 1. It is known that NaCl and 
KCl cause twitchings in curarised muscles, I conclude then that the 


Fi. 1. (a) Right, (b) left sartorius of frog; (a) was placed in curari -05 p.c. for 80 mins., 
(>) in Ringer’s fluid for 44 mins. KOI m/8 was diluted with Ringer’s fluid to make 
(approximately) m/16, m/82, m/64 solutions. The solutions were poured in succession 
into the vessel containing the muscle, and left for 8 mins.; there was an interval of 
1 min. between pouring off one fluid and pouring in the next; m/64 at the beginning 
had no effect (it sometimes causes slight contraction) and m/8 at the end had no effect ; 
these parts of the tracing are omitted. 

m a considerable one, m/16 a s contraction, m/8 gives none. The curve rises 


throughout up to m/16, then its maximum and does not completely relax in a 


day in m/8.) 
Of. Journ, Physiol. xxx1x. p. 235. 1909. 
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‘receptive substance’ which is acted on by dilute nicotine and by curari 
is not specially stimulated by salts. It may be mentioned that the 


irritability to KCl of the neural region appears to be somewhat greater 


than that of the non-neural region. 
It is known that all salts abolish indirect before direct irritability 


(ef Carslaw, Locke, Cushing, Overton), and this is commonly spoken 


of as a curarising action implying that salts and curari act on the same 
part of the neuro-muscular mechanism. The facts mentioned above 
make this unlikely, and it seems to me more probable that the abolition 
of indirect irritability by salts is due to a lowering of the irritability of 
the anatomical nerve endings and of the surface of the general muscle 
substance, whilst curari has little effect on either of these. The direct 
irritability is always distinctly lowered at the stage at which indirect 
irritability is abolished, and I do not find with NaCl and with MgSO, 
that the difference in the time of the two events is so great as is described 
by some observers. Moreover the strong currents used for direct stimu- 


lation may affect deeper portions of the muscle than are affected by 


nerve stimuli. 
One or two other points regarding the stimulation of muscle by 


chemical bodies may be noted. I have shown that the different muscles 


of a frog can be arranged in a series giving more and more prolonged 
contraction with dilute nicotine. The several muscles react in the same 
way to other substances I have tried, viz. KCl, caffeine and veratrin. 


Adrenalin 05 p.c. causes as is known no contraction in the sartorius, but 
causes a slight one in the rectus abdominis; whether this is due to 


admixture of other substances I have not yet determined. I have shown 
further that the irritability of the several muscles to nicotine is greater 
the more prolonged the nicotine contraction; with KCI and caffeine there 
is a difference in irritability but it is slight relatively to that with nicotine. 

In Fig. 1 it is seen that with KCl of increasing concentration two 


contractions are obtained, one with m/32 (in Ringer's fluid), the other 


with m/16. If the concentration is more gradually increased, no con- 
traction is obtained even with m/8. In the rectus abdominis, with a 


much more gradual increase contraction is obtained with the solutions 


of higher concentration. 

In the sartorius 1 p.c. nicotine applied for 5 mins. nearly abolishes 
the KCl contractions, the effect continues, though in a less degree, after 
leaving a nicotinised muscle for an hour in Ringer's fluid; it is probably 
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“water by muscles immersed in various solutions By G. R. Mines. 


A lever, poised on needle points, bears a weight attached below the 
point of suspension and so adjusted that over a range extending from 
80 to 300 milligrammes the displacements caused by equal increments 
of weight on the short arm of the lever are practically equal. The 
oscillations are damped by a small piece of aluminium sheet completely 


immersed in glycerine and connected to the lever by a very thin piece 


of silk. This device enables the lever to take up a position of equi- 
librium in a few seconds, without appreciably diminishing its sensitive- 
ness, The long arm of the lever consists of a straw through which runs 


a thin wire attached at the axis to one of the suspending needles and 
ending in à point which just clears the surface of # drum revolving 


once in 36 hours. From the short arm of the lever a frog’s sartorius is 

suspended by a fine thread of silk. The companion sartorius hangs 
from a duplicate lever, the point of which lies to the opposite side of 
the drum without touching it, The muscles hang in beakers filled 
with 100c.c. each of the solutions the action of which on the water 
absorption of the muscles is to be compared. The beakers stand on a 
platform arranged like a lift in guides so that it can be lowered. Once 
every 15 minutes (or whatever interval is chosen) a clock switches on a 
relay which starts an electric motor. This is connected by reducing 
gear to a wooden wheel which is caused to revolve in about 30 seconds. 
The clock contact is maintained for 10 seconds, but before it is broken 


the wheel completes another contact in the same circuit by means of a 
cam, and this contact is maintained so that the motor runs until the 


wheel has performed one complete turn. The wheel in revolving lowers 
the platform with the beakers by a string and pulley, gradually, so that 
the muscles have some time to drain as they leave the fluid. When 
the muscles are out of the solutions and the levers have come to rest, 
the primary circuit of an ordinary ignition coil is completed by another 


switch operated by the wheel, and sparks pass from the lever points to 
the drum, perforating the paper with which the latter is covered and so 
recording the positions of the levers. Immediately afterwards the 
‘beakers come up and the muscles are again immersed. The levers are 


calibrated by hanging known weights on in place of the muscles. 


The weight of water which clings to the surface of an average sized 


_. sartorius is only ony four milligrammes and is constant within narrow 
limits. 
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The curves obtained by this device agree well with those arrived at 

by the tedious process of blotting and weighing the muscles on a scale 
The new method presents the advantages that the muscles are 
removed from the solutions for only very short intervals, they are not 


handled after the dissection and records of the — muscles are | 


taken simultaneously. 
ion: results obtained will —_ the subject ‘of a later communication. — 


muscle (persistent se by the galvanic current. By 


J. N. LANGLEY. 


I have mentioned earlier’ that a ‘galvanic current causes a protracted 
contraction much more readily in the flexor carpi radialis muscle than 


in the sartorius. At the same time I found in the four different muscles 
tried that the readiness with which a galvanic current caused protracted 


contraction varied with the duration of the contraction caused by dilute | 
nicotine, One of these muscles was the rectus abdominis, and on 
observing with the eye the effect of the galvanic current on this muscle, 
it was seen that with an ascending current an obvious ridge was formed 
below each transverse tendon, and that with a descending current a 
similar ridge was formed above each transverse tendon: ie. in each case 
at the kathode of each segment of the muscle. The preparation serves 
well for class purposes ; a transverse cut is made near the end of the 


sternum, longitudinal cuts are made through the abdominal wall on either 


side of the rectus abdominis, and the two muscles are severed at their 
insertion into the pelvis ; they are then pinned out (moderately stretched) _ 
over two wires passed through a cork slab; the wires are connected with 
a key, and three or four Daniell cells. Non-polarizable electrodes are 
not required, since the middle segments of the muscle only need be 
observed. The preparation may be kept in Ringer's fluid for hours 
before the experiment, and the muscle on each side may be taken 


‘separately. On continuous or frequent stimulation, fatigue soon sets 


in and the local persistent contraction is no longer obtained or is 
insignificant:, The anodic break persistent contraction is usually not 


‘seen except on careful inspection, and then only in favourable circum- 
stances. With a stronger current up to 12 Dan. small waves of con- 


traction are seen coursing along the fibres, in the direction of the 

current; these are the well-known ‘galvanic waves; e are best seen 

Journ, Physi, p17, 1006. 
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| Some points concerning the structure and function of the 
pituitary gland in man. By A.sert S. Grinsaum and Hxrxx 
G. RAUM. 


As the result re examination of over sixty specimens of human 


pituitary gland from healthy and diseased individuals, the following 

points were ascertained: 

: 1. Colloid material may be found in the blood vessels both in the 
anterior lobe and also in the so-called pars intermedia, : 

2. Colloid material has not been seen in the pars nervosa. : 
3. Three varieties of cell: large granular, large plain and small plain 
can be made out. The granular cells may be present in large numbers 
near the junction with the pars ner vosu. 

4. In children and in the foetus the distinction between the ls 
in the anterior lobe is not en and the colloid material i is small in 
amount. 


5. The size and weight of the gland and the amount of colloid : 


material are e to very _ variation. 


Application of the Callendar recorder to measurement of 


the diffusion of electrolytes. By G. R. Mixxs. 


As shown elsewhere’, the diffusion of electrolytes into a  oylinder of 
gelatine jelly may conveniently be followed by observing the change in 
the electrical resistance between a pair of electrodes embedded in it, a 
solution of the electrolyte of definite concentration being kept in contact 
with one end of the cylinder. 

By the application of a modified form of the Callendar recorder it 


is possible to obtain automatic records of the progressive changes in 


resistance of the jelly and thus to avoid the necessity for hourly 
attention to the apparatus. 

In a conductivity cell of special shape the electrodes are covered 
to a depth of a centimetre with a gelatine solution which is allowed to 
solidify, On this is placed a relatively large volume of a solution of the 


electrolyte whose diffusion is under investigation. The solution is kept 


in motion by a stream of moist, CO,-free air. The cell is immersed in 

a well-stirred thermostat kept at 18°C. The resistance of the cell is 

| compared with that of a standard resistance coil by means of a bridge 

wire of high resistance. If the galvanometer is deflected it makes 

contact through one or other of a pair of relays and releases clockwork 
1 Mines, Proe. Camb. Phil, Soc. xv. P. 881. 1910. 
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which moves the slider on the bridge wire until balance is restored. 
The slider bears a pen which writes on a drum revolving once in 
24 hours. A double commutator introduced into the circuits prevents 
© polarisation of the electrodes. The battery circuit and that of the motor 
driving the commutator are closed, by a relay operated by a clock, at 
intervals (ordinarily of half an hour) for a period of three or four 
minutes, to allow the slider to find the new position of balance. Thus 
: a the record consists of a series of steps, of which the horizontal parts 
E represent the resistance of the jelly at definite time intervals. The 
apparatus is calibrated by substituting standard resistances for the 
~~  ~ *eonductivity cell. The concentration of the electrolyte in the jelly 
15 corresponding to each resistance value is determined by the con- 
ducstivity curves which have been worked out for the various substances: 
dealt with. 


The action of acids on skeletal muscle. 9 DALE 


and G. R. Mines. | 
* We have compared the heights of the tonic contractions of pairs 


i abdominis of frogs when surrounded with solutions 
of various acids, the solutions in most cases being adjusted, by the 
* colorimetric method of Sérensen, to contain a definite concentration of 
bhuyclrogen ions, It is convenient to take the contraction evoked by 
IN HNO, as a standard for comparison. The figures in brackets 
indicate the number of experiments on which each value is based. 


pol eartorii of Tecti 


of ion concentration 
10-4, 1. 6. 1 to HNO, 01 N 


10 MO’... 
85 0¹⁰ 85 (6) 
58 ) ‘BN 111 (8) 
28 (1) 4-4N 107 (1) 
61 (2) ‘018N 85 (2) 
81 ( 185 N 79 (2) 
22 (1) 10 145 8) 
84 (1) N 97 (4) 
‘15N 102 (2) 
100 N 80 (2) 
“056 N 49 (6) 
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The solutions of equal H- concentration cause contractions more 


nearly alike than do the chemically equivalent solutions. The very low — 


figure for phosphoric acid is to be ascribed to the presence of phosphates 
in the muscle, which depress the ionisation of this acid. If the muscles 
are soaked for some time in Ringer's solution free from phosphates the 
difference is abolished. Thus the mean of four experiments in which 
the muscles were soaked in Ringer’s solution about 24 hours before 
making the comparisons gave the value 103 for the height of contraction 
in phosphoric acid as compared with 100 for nitric acid of the same 
H“ concentration. A similar explanation accounts for the difference 


between HCl and HNO,, The mean of three experiments on pairs of 


muscles soaked for 17 hours in a Ringer's solution in which the NaCl 
was replaced by NaNO, gave the contraction in HCl as 135 as against 


100 in HNO, 


It appears that the basicity of the acid is not of itself a factor of 
marked importance. The H' concentration is the chief factor. The 
high values for the weakest acids tried, acetic and malic, are noteworthy. 
They are not due to the relatively great osmotic pressure of the 
solutions used, since the addition of non-electrolytes to a solution of 
‘HC! to raise the osmotic pressure to the same level causes no increase 
in its stimulating action. The explanation lies probably in the fact 
that as the concentrated solution of the weak acid diffuses into the 
muscle and becomes diluted with the fluid in the interstices, the H' 
concentration falls much more slowly than in the case of the dilute 
solution of the strong acid, where ionisation is already — 

Experiments on the influence of excess s of the hydrogen i ion on the 


excitability towards galvanic currents of 1/10“ duration, by a method 


designed to localise stimulation in the non-neural region of the sartorius, 
show primary exaltation and subsequent depression and loss of irrita- 
bility. (Concentrations 002 to 01 N.) There is often an outbreak of 
fibrillar twitches (to be distinguished from the tonic shortening) when 
the acid is first applied. The spontaneous twitches of muscles i in N 0 
are first augmented by acid and then depressed. 

In all these respects H' acts on skeletal muscle like K“, but the 
concentration of K needed to produce the same effect is about five 


times as great as of H. This is also the inverse ratio of their ionic 


velocities. 
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Observations on action and 
droquinaldine. By DororHy Date and G. R. Mines. 


Tho resolution of externally 
(tetrahydro-2-methylquinoline) into its optically active components was 
effected by Pope and Peachey’ in 1899, while Pope and Read? have 
recently described the preparation of these isomers in a state of high 
purity. We are indebted to Prof. Pope for very carefully purified 
specimens of the hydrochlorides and bromocamphor-sulphonates of d- 
and l-tetrahydroquinaldine, with which the experiments to be described 
were carried out. 

Action on the frog’s heart. e of either of the i 
prepared in neutral Ringer's solution in concentration 0005 M when 
perfused through the heart reduce the systole and lead to diastolic 
arrest. This effect is due to the hydrolytic dissociation of the salts; 
tetrahydroquinaldine being a very weak base. The hydrogen ion con- 
centration of these solutions was found by Sérensen’s method to be 10. 
This degree of acidity is shown by experiments with other solutions 
such as mixtures containing glycocoll and HC! in Ringer to be amply 
sufficient to account for the action of the dilute solutions of the salts of 
tetrahydroquinaldine on the heart. Reducing the hydrogen ion con- 
centration to 10 by the addition of NaOH, in other words neutralising, 
so that the solution contained chiefly the free base tetrahydroquinaldine, 
a concentration 001 M was needed to produce any effect on the heart. 
Such solutions caused slowing of the beat. No difference could be 
detected in the action of the d- and the l-compounds. 

Action on skeletal muscle. Experiments made on pairs of sartorii, 
either freshly excised or kept for some time in Ringer showed in all 
cases (about 15 experiments) a distinct difference in the activity of the 
isomers, In ‘01 M solutions in Ringer there is shortening and gradual 
loss of irritability; these effects come on more quickly in the I- than 
in the d-solutions For instance, recording the relative amount of 


13 Chem. Soc. Trans, Ixxv. . 1066. 1909. 
bid. xovm, p. 2199. 
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That these effects are not due to the slight acidity of the solutions 
is shown (a) by the fact that the hydrogen ion concentration of the 
d- and l-solutions is precisely the same and (6) by the effect of 
rendering them neutral. The neutralised solutions (i.. solutions of the 
free bases) act much more powerfully on skeletal muscle than do the 
slightly acid solutions of the salts. It is probable that the latter act 
on the muscle by reason of the amount of free base which is liberated in 
them by hydrolytic dissociation. 

The difference in the activity of the d- and |-solutions can be 
shown on the same muscle by treating it with the two solutions 
alternately and washing with Ringer in the intervals. The laevo- 
compound produces a more rapid contraction than. the dextro-, the 
effect of the racemic form lies between the two. It was not found 
possible to prepare different concentrations of the d- and l-compounds 
which would give exactly similar curves when applied to the muscles, 
but I-tetrahydroquinaldine may be said to be about one and a half 
times as powerful as d- in causing contraction in skeletal muscle. 

The rate of abolition of direct excitability was examined by Waller's 
method’, Fig. 1 shows the record of a typical experiment. 

These observations afford another illustration of the fact to which 
-Cushny’ first drew attention, that one tissue may differentiate . 
a pair of optical isomers while another tissue cannot. 


Fig. 1. R and L. sartorii of frog, stimulated by maximal break induction shocks at 
intervals of 10”. At the beginning of the tracing the muscles were immersed in 
‘01 M solutions of tetrahydroquinaldine hydrochloride in Ringer's solution. At the 


arrows plain Ringer was substituted. Note the recovery of the muscle which had 
been in the d-solution. 


1 Waller, Californian Lectures, p. 126. Univ. Lond. Press, 1910. 
* Journ. Physiol. xxx. p. 176. 1904. 
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(introduced by Professor Scuirznr). 


results have been obtained regarding the action of 
chloroform upon the blood vessels. 

Schafer and Scharlieb (Trans. Roy. Soc. Ed. xu. 1904) e 
mammalian vessels with chiéroform dissolved in Ringer's fluid. They 
observed that.the effect of the drug is always in the direction of vaso- 
constriction in the vessels of the heart and limbs, whilst increased flow 
occurs through the kidney vessels (vaso-dilatation). | 

The results which I have obtained by the use of the same method 
confirm the observations of Schäfer and Scharlieb. Ringer's fluid 
was perfused under constant pressure; produced as in Langendorff's 
heart apparatus by connecting the surface of the fluid with an oxygen 
bottle. Under these cireumstances the addition of chloroform to the 
fluid always produces constriction in the vessels of the limbs, lungs, 
heert, intestines, spleen, liver and brain; dilatation being the effect in 
the case of the kidney vessels. 
es Embiey and Martin (Journ. Phys, XXXII, 1906) employing a 

circulation apparatus and defibrinated blood, which was kept 


_ oxygenated by being passed through the lungs before being led to the 


organs under investigation, concluded that chloroform directly paralyses 
the neuromuscular mechanism of both the kidney and bowel; and that — 
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a considerable part of the fall in blood-pressure caused by chloroform : 


inhalation may be accounted for in this manner. 
To investigate the cause of these differences, I have employed 


a modification of Embley and Martin's circulation scheme. It is 
possible by this to show, that if defibrinated blood—specially oxygen- 
ated by allowing a stream of oxygen to bubble through it—be used, - 
chloroform at all degrees of dilution dilates the vessels of the limbs and 
lungs; these being the only organs I have as yet dealt with. This 
confirms Embley and Martin's results on the kidney and bowel.. on 
the other hand if the blood be not specially oxygenated, constriction 


occurs in the vessels of the same organs even with very dilute solutions 
of chloroform. 

The apparatus is so arranged that the blood can be run out and at 
the same time Ringer's fluid run in to replace it, without altering the 
general conditions of the experiment. With Ringer’s fluid, whether 


specially oxygenated or not, constriction is always observed as the result o 
of the action of dissolved chloroform upon the blood vessels of the limbs 


and lung; whether the solution be weak or strong. The constriction is 
not due to the setting up of rigor, for even when the chloroform 


solution is as strong as 1 in 600—a strength which produces very 


marked constriction of the blood vessels—there is complete recovery 


within a few minutes on solution without 


In a previous paper’ we recorded the fact based on observations of : 
eight cases of normal pregnancy that creatine is present in the urine of 


normal pregnant women living on a creatine and creatinine free diet. 


We have repeated our observations on five other cases with similar 
results. The amount of creatine present in most cases varied from about 


0°05 gm. to 01 gm., the maximum being 0°15 gm. 


Our observations have since been confirmed by van Hoogenbuyze 


and ten Doeschate’, who in five cases of normal eer ment 
creatine to be present in every case. 


In continuing our observations in one case for five weeks post 3 


we found that the excretion of creatine in the urine had diminished but 1 
1 B. A. Krause and W. Cramer. Proc. Phys. Soc. daly, 1910. Journal 


ology, Xin 
7 0. J. C. van Hoogenhuyze et A. ten Doeschate. Annales te 
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had not ceased, and that even three months post partum creatine was ; 
still present in the urine, 

For comparison we also examined the urine of normal women and 
of hospital cases such as neurasthenia, chorea, inguinal hernia, in which 
the nitrogen metabolism was not likely to be affected. Since the data 
on the composition of the urine of normal women are very scanty, and 
since very little is known with regard to the relation of the sexual 
-¢yéle in women to their metabolism, we have determined the nitrogen 


3 distribution i in the urine of seven normal women aged from 20 to - 


and of one normal woman aged 55 after the climacteric. _ 

The results, which will be published in detail later, show firstly iii 
there are qualitative and quantitative differences in the composition of 
the urine of women from that of men; and secondly that there are 
indications of cyclical changes in the weten Creatine is always 
present in the urine of women (living on creatinine and creatine free 
diet) at one period of the sexual cycle, viz. immediately after menstrua- 
tion, and therefore presumably also during menstruation. In the 


: 3 intervening period it diminishes and may completely disappear in 


some individuals, while in others it persists. The ammonia excretion 
measured in terms of percentage of total nitrogen is above the normal 
values found in man on a similar diet and tends to show i an increase 
immediately after menstruation. 

t is interesting to note that the tendency to creatinuria in normal 
women is associated with a relatively high ammonia excretion. 
The following abbreviated table of the urine of 
case is as an illustration. 


TABLE. 


8 Weight 59°7 kg. Menses fairly regular. Diet: porridge, 


1 1. 1 175 0292 0005 0% 
from 21. 1 to 28. 1 
26. 1. 1 . 1510 8-986 0995 00% 
N. . u 1200 17096 6-711 9˙1 0077 0068 
221 1380 0°596 70 0901 
„„ 0-366 5-0 0-768 0040 


In the one post-olimacteric case which we examined creatine was 
absent and the ammonia excretion 8 ralues 9 to those 
found in man. 
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On the inactivation of adrenaline in vitro wa in vivo. 
By W. 
A solution of adrenaline can be 8 inactivated by 1 

it to stand in contact with a dilute solution of formaldehyde for. a i 
minutes, For instance: if 5 cc. of an adrenaline solution (1/50000) is 
kept in contact at 87° C. with 5 c.c, of a formaldehyde solution (1/500) for 
4-5 minutes and then injected, the mixture will be found to have no 
effect at all on the blood-pressure. With smaller quantities of adrenaline 
the reaction is completed within a shorter time. This reaction is due 


_ presumably to the presence of an amino-group in the adrenaline molecule. b 


3: 4 dihydroxyphenylethylmethylamine (“ Epinine, Burroughs 
Wellcome), one of the most active of the “sympathomimetic amines” 
examined by Barger and Dale’, loses its activity ck td if it is 
mixed with formaldehyde. 

The pressor effect produced by injection of pituitrine is not abolished 


if pituitrine is mixed with formaldehyde. This indicates that the 
active principle of the pituitary gland is not a primary or a secondary 


amine, 


The reaction may be used to distinguish between pressor substances 


found in animal tissues and fluids. 


Duodenal extracts mixed with a formaldehyde solution (1/500) and 


filtered still produce as pronounced a fall of blood-pressure and as active 
a flow of pancreatic juice as the duodenal extract alone. Of all the 
“hormones” investigated adrenaline is the only one which is inactivated 
by formaldehyde. 


The inactivation of ‘oy 


Elliot? to take place in the tissues which have been excited by adrenaline. 
This fact as well as the rapid disappearance of adrenaline from the tissue 


fluids and the transient nature of its effect suggest that the inactivation 


of adrenaline in the organism is brought about not by a process of 


oxidation but by a combination with a product of metabolism produced 
by the cells on which adrenaline has acted. This cell-metabolite must 


be of such a nature as to be easily disposed of by the organism either 


by oxidation or otherwise, because immediately after the excitation by : 


adrenaline has passed the tissues will respond to another application 
with almost equal readiness. It is suggested that the disappearance.of 
reaction in vitro described 
G. Barger and H. H. Dale. Journ. of Physiol, xu. p. 10. 
* T. R. IIliot. Journ. of Physiol, p, 451. 1905. 
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mode of of tetra chon 


At a previous meeting’ I drew attention to sie action of 5 
ee kene ou the respiration, and mentioned that certain isoxazol, 
pyragzol and papaverin derivatives, and tetra-methyl-ammonium chloride 
produced à similar effect. This temporary stoppage of the respiration 
is said by Tappeiner*, who first investigated the subject, to be due, in 


the case of phenyl-methyl-isoxazol-methochloride and presumably of the | 


other compounds investigated by him, to stimulation of the terminations 
of the fifth cranial nerve in the nose; in other words, he believed it to 
be of the nature of a Kratschmer-Hering reflex. He came to this con- 
clusion owing to his inability to produce the effect after cocainisation of 
the nasal mucous membrane. In this he was corroborated by his pupil 
Iodlbauer“. Pohl“, however, found that the effect was still obtained 
after division of the ophthalmic branches of the fifth nerves, and he con- 
cluded that the action was on the respiratory centre. I came to the 
same conclusion for protocatechyl-tropeine owing to having obtained 
the effect after decerebration and division of both fifth nerves and having 
found that the motor paralysis in the hind legs was not synchronous 
with the effect on the respiration. The explanation was not wholly 
satisfactory, and as my stock of protocatechyl-tropeine was exhausted, 
I continued my observations with tetra-methyl-ammonium chloride; 
This substance produces practically the same effect on the respiration . 
as protocatechyl-tropeine and possesses the advantage of not Bares: 
the same tropeine action. 

After cocainising the nasal mucous membrane with various 83 5 
of cocaine hydrochloride solutions to 5 per cent., I have obtained the 
characteristic stoppage of the respiration, and have also obtained it aſter 
decerebration and section of both fifth cranial nerves in the base of the 
skull, and after excision of both Gasserian ganglia. Moreover, the injec- 
tion into the nose of approximately isotonic solutions of tetra-methyl- 
ammonium chloride produced no effect. 

Ligature of both carotids and subsequent injection of the 5 
lower end of the carotid into innominate 


i Proceed, Physiol, Boe. Jens 5th, 1909. 
exp. Path. u Pharmak. xxxvu, p. 325. 
Internat, de Pharmacod, vu. p. 196. 
4 Arch. Internat, de Pharmacod. x11. p. 479. 
03 
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induced a much smaller and somewhat later effect than the injection of 


the same dose into the right anterior facial vein, This seemed to 


indicate that the respiratory centre is not the chief place of action. 3 


Indeed there seems to be an initial stimulation of this centre, as a 


transient increase both of frequency and of depth of respiration occurred 


in many decerebrate animals. Previous section of both vagi, or the 


administration of considerable doses of atropine, does not materially : | 


affect the action of tetra-methyl-ammonium chloride on the respiration. 


There still remained for investigation the effect on the nerve-endings 


to the muscles. As is well known, tetra-methyl-ammonium chloride 
pine the myoneural junctions in a similar manner to curare ; and 
in this connection it is interesting to note that tetra-éthyl-ammonium 


chloride, which is much less powerful than the tetra-methyl compound © 


as a paralyser of motor nerve-endings, is also much less powerful in its 
effect on the respiration. I showed in the case of protocatechyl- tropeine 
that the paralysis of the nerves to the lower limb appeared later than 
the effect on the respiration, and this was also found to be true for 
tetra-methyl-ammonium chloride. As, however, it is stated that this 
Class of substances often paralyses the muscles of the anterior portion of 
the body before those of the posterior, it was necessary to compare the 
effect of more anteriorly situated muscles with that on the respiration. 


I chose the diaphragm and the muscles of the right anterior limb and 


isolated and stimulated the uncut right phrenic nerve at the base of the 
neck and one or other cut cords of the right brachial plexus. The 


_ irritability of the nerves diminished synchronously with the effect on the 


respiration. For this and other reasons, whieh will be discussed later, 
I have come to the conclusion that the action of tetra-methyl-ammonium 
chloride in temporarily inhibiting the respiration is mainly due to a 
paralysing action on the nerve-endings of the respiratory muscles. 


Anticoagulants on frog's blood. Part n. ‘By 
PRINGLE and JOHN Tair. 


| certain anticoagulant. substances—viperine venom, peptone and novo- 


caine—preserve the shape of the spindle-cells or thrombocytes of frog’s 
blood. Since then we have made observations on the action of other 
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anticoagulants, viz. soluble oxalate, fluoride, neutral salts and leech 
extract, our method of examination being the same as before. 

Potassium oxalate (2% solution in normal saline) added to an equal 
quantity of freshly drawn frog’s blood preserves the shape of the 
thrombocytes. indefinitely, and no rosetting of red blood corpuscles 
occurs around them. When calcium chloride is now added in slight 
excess, the thrombocytes within a few minutes begin to undergo typical 
eytolysis, and soon afterwards red blood corpuscles are found to be 
grouped round them in rosettes. From this. we infer that calcium i is 


necessary for the cytolysis of the thrombocytes. 


Concentrated neutral ‘salts, fluoride and hirudin all preserve ‘ae 
shape of the thrombocytes indefinitely and costo rosetting of 9 
blood corpuscles around them. 

Me have thus found that most of the: ordinary anticoagulants 3 
this feature in common that they prevent cytolysis of the thrombocytes 
in frog's blood, and further, that the presence of calcium is necessary for 
disorganisation of these thrombocytes. We shall publish later a more 
extended report of our experiments. 


The influence of increase of temperature upon cardiac 
| By G. H. CLaRk. 


Several investigators have written about the influence of 8 
upon the action of the vagus. Stewart states that he obtained evidence 
that the vagus was more active at high temperatures than at normal, 
whereas Martin concluded that the inhibitory power of the vagus was 
diminished with a rise of temperature. The present work has been done 
with frogs (Rana temporaria). Mammals have also been experimented 
upon. In the case of the frog, the animal is prepared in the usual way 
for stimulation through the medulla and the secondary is so arranged 
that stimulation causes standstill of the heart. A metal point heated 
to 30°—40° C. is then applied to various parts of the heart. ore 


1. To the bulbus no effect. 
2. To the ventricle no effect. 
3. To the A.V. groove no effect. 
4. To the auricle no effect. 
5. To the sinus the heart begins to pulsate. 


This apparently * the e of the vagal inhibition * high 
temperatures 
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on the ‘presence or during un. ‘By 

The if the formation of 
secretin (or prosecretin) in the duodenum takes place as a response to 
the stimulus of ingestion.of food. It was found that secretin prepared 
from newly born kittens, before suckling, gives a fairly active flow of 
juice when tested on a dog. When fetuses of different periods were 
examined it was found that some showed the presence of an active 
secretin, some did not. Further experiments are being carried out 
with the object of determining whether there is any definite correlation 
between the period of development and the ä of secretin in 
the duodenal mucous membrane. 
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Lactic acid and cardiac muscle. By W. 


It appears to be possible to account for the action of lactic acid on 


the rhythmical properties of the frog heart as being due to a displace- 
ment of calcium and potassium salts. A heart brought into the diastolic 


condition with lactic acid will show a slow and regular recovery on being 


washed out with tap saline or Ringer's solution. By increasing the 
concentration of the perfusing solution in calcium salts a marked increase 
in the rate of recovery is immediately shown which will quickly reach a 


- certain maximum and from this point onwards has apparently no further 


action in increasing the contraction height. If the heart be now treated 
with a high concentration of potassium salts and then washed out with 
normal saline it will be found to recover its contractile powers com- 
pletely. 

If, on the other hand, the heart be treated with these high concen- 
trations of potassium salts when in the diastolic condition, it frequently 
recovers its original contraction height completely. It is, however, 
liable to exhibit irregularities of rhythm and contraction. These 
irregularities immediately disappear if the calcium content of the Per- 
fusing fluid be increased. 

The frog’s heart which has been brought into the diestolio condition 
by lactic acid and then treated with calcium and potassium salts as 
| 


height. 
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Nicotine and curarised muscles. By W. BURRIDGE. 


Langley has shown that nicotine produces a larger ‘initial’ shortening _ 
in curarised muscles than it does in non-curarised ones. Some of the 
tracings I have obtained suggest that this increased rise is due to a 
fusion of two effects, a quick one followed by another of a variable rate 
of development. Two tracings A and B are appended showing two such 
shortenings, distinct from the rigor effect which comes on later. 

_ Evidences of such two effects may also be seen in the tracings already 
published by me. I have obtained tracings varying from the complete 
differentiation of the two effects shown in the present illustration to 
the complete fusion which would appear the more usual. 


Muscle in 0-476"), curare 4 hrs. Then treated with nicotine+0-2", curare. 


Tide of the negative and postive: after 
effects. By Groner J. Bonon. 


The Time-relations of the Negative are 
means of a Stereoscope of which the two sides are illuminated by light 
from different sources, The object viewed is identical for the two eyes 
a in the middle of the field, where all above the.centre line is: visible 
to the right eye, and all below it to the left eye onl aise 
being of plain White card. 1 
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The illumination having been adjusted until both sides appear 


equally bright, one eye is fatigued by looking for three minutes through 


a microscope. 
Apparent equality is restored by removing the light on the opposite 


side to a greater distance. 


Repeated observations are made at frequent intervals until the 


effect of fatigue has worn off, the times and distances being noted by a 


colleague, The intensities, which vary inversely as the square of the 
distance of the light from the card, are plotted as ordinates against the 
times as abscisse. 

The apparatus may be used to record the progress of an opacity of 
the lens or cornea by letting the patient adjust the illumination to 
equality while standing first on one side of the instrument and then on 
the other, The geometric mean of the two ratios so measured is the 
ratio of the light-transmitting power of his two eyes. 

To measure the Time-relations of the Positive after-effect a milk- 
glass screen is placed at one end of a photometer, and behind it on the 
slider is fixed a standard candle or glow-lamp at a distance of a few 
inches. 

The observer, whose eyes must be to some degree dark-adapted, — 
looks fixedly at the flame of a red-fire “ Bengal Fusee, thus producing 
against the white surface of the milk-glass screen a bright green 
negative after-image. By running the light rapidly to a greater 
distance he reduces the illumination of the screen till the green 
negative changes a red positive after-image, the transition being 
marked by the sudden appearance of a black spot in the middle of 
the green. The moment this is seen he shuts his eyes—a colleague 
reads the distance, another calls the time, and a third writes the 
results. On opening his eyes the observer sees the after-image green, 
and immediately runs the lamp farther away to a new transition point. 

With practice it is easy to make 30 observations before the i image 
disappears. The most regular results are obtained when the work is 


done rapidly. 
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